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SUMMARY 
This thesis examines the residential demand for electricity 
in England and Wales and the residential demand for gas in 
England, Wales and Scotland through a series of econometric 
models. Most of the study considers the demand for 
electricity because of the better availability of suitable 
data. Gas is considered in just one chapter. 
The thesis commences with a review of established studies 
of energy demand. The review concludes that aggregated 
models should be constructed only after prior analysis 
of end-use demands. Also, that analysis should be dynamic 
and should not be based 
upon linear structures since this 
does not represent well the processes of saturation 
inherent in durables ownership. 
Accordingly, the empirical work of the thesis considers first 
the residential demand for electricity disaggregated by end- 
uses. The model uses logistic growth curves to represent 
the inertial trends of durables ownership within which 
domestic demands for electricity are constrained. Economic 
variables are entered through one of the curves' growth 
parameters; the saturation ownership for each appliance is 
treated exogenously. 
Subsequent chapters develop aggregate models of residential 
electricity demand and then an aggregate model for gas. 
The analysis proceeds through static models to a full dynamic 
treatment of demand. For electricity three models are 
constructed; total residential demand, unrestricted demand 
and off-peak demand. For gas just total demand is 
considered because of the different terms of supply. 
Throughout considerable attention is devoted to the way 
in which price influences demand. 
In parallel with development of aggregated models, the 
thesis reviews and extends the technique of pooled estimation 
of time series and cross sections. It is found that 
conventional methods are restrictive and instead a generalised 
technique is put forward. 
The final chapter produces forecasts to 1985 of residential 
electricity and gas demands from the disaggregated and 
aggregated models developed. 
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CHAPTER ONE 
1.1 Total Domestic Sector Energy Consumption 
Consumption of energy by the domestic sector on a heat 
supplied basis has averaged 26.5% of the U. K. 's final 
energy consumption since 1960. From 14,425 million 
therms1 in 1960 (equivalent to 28.5% of total primary 
energy demand), domestic sector requirements increased 
only 11% by 1979 to 16,051 million therms (equivalent to 
26.7% of total primary demand). Demand during 1980 
fell by 4.3% to 15,784 million therms. Growth in consumption 
over the last two decades has been unsteady and considerably 
slower than growth during the preceding period since the war. 
The relative stability in demand since 1960, which is 
illustrated in Diagram 1.1, has resulted principally through 
changes in market share of the four fuels supplying the 
domestic sector; coal, oil, gas and electricity. Table 1.1 
shows that from a relatively small contribution of 9% in 1960, 
gas has grown to be the dominant domestic fuel, supplying 
in 1980 8,439 million therms, equivalent to 51.2% of total 
requirements. Coal has shown the reverse trend2. From 
41.0 million tonnes in 19603, equivalent to 78.4% of total 
domestic requirements, domestic coal and coke demand 
had fallen to 11.7 million tonnes by 1980 (21.0% of the total). 
1. On a heat supplied basis one million therms is roughly 
equivalent to 4,000 tonnes of coal, 2,400 tonnes of petroleum 
or 30GWh of electricity. 
2. Conversion efficiencies denote the proportion of heat 
chemically available from the combustion of a fuel which is 
not lost in transferring the energy to the provision of a useful 
service, commonly space or water heating. The term useful 
heat is used to describe the amount of energy providing a 
particular service net of all combustion and conversion losses. 
Typical conversion efficiencies for fuels used in the domestic 
sector are given overleaf. 
3. If converted to therms using the rough conversion factors 
referenced in 2 above there are discrepancies with the figures 
in Table 1.1. These arise because of the high calorific value 
of coals supplied to the domestic market. 
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TABLE 1.1 
Domestic Energy Consumption On A Heat Supplied Basis 
(Million Therms) 
"- i 
S 
Year Coal 
Coke & Otherl Town 
Breeze Solid Gas 
Natural 
Gas 
Electri- 
city 
Petroleum Total 
1960 10,000 
tt 
944 363 1298 - 1149 671 14.425 
1965 8,022 1194 513 1869 "- 1953 969 14,520 
1966 7,489 1183 550 2177 0 2041 967 14,407 
1967 6,820 1134 593 2472 1 2128 1006 14.154 
1968 6,854 1034 692 2801 28 2275 1115 14,529 
1969 6,141 905 : 777 3026 185 2464 1222 14,720 
1970 5,654 699 784 2915 627 2625 1335 14,639 
1971 4,829 451 856 2508 1422 Z763 1321 14,150 
1972 4,209 337 851 2217 2292 2960 1523 14,389 
1973 4,194 309 815 1590 3225 3116 1668 14,917 
1974 3,957 326 776 1039 4345 3161 1482 15,086 
1975 3,381 256 706 495 5396 3045 1434 14.713 
1976 3,140 218 651 145 6049 2905 1435 14.543 
1977 3,230 212 631 44 6546 2932 1450 15,045 
1978 2,968 187 581 19 7242 
. 
2929 1433 15,359 
1,979 3,05Z 190 568 '20 8205 3061 1405 16,501 
1980 2,610 159 544 ! 19 8420 2939 1093 15,784 
.i 
Source Digest of United Kingdom Energy Statistics PIT, 3. Table 10, 
cage 23 and 1981. Table 8. page 27. 
2 
3 
Domestic Sector Conversion Efficiencies (%) 
Estimate 
Source 
Coal Coke 
.& 
Breeze 
Other 
Solid 
Fuel 
Town 
Gas 
Natural 
Gas 
Elec 
tricity 
Petro- 
leum 
Elec. Council 40 55 50 45 50 71 50 
C. E. G. B. 20 55 42 60 60 95 69 
S. S. E. B. 20 25 - - 50 90 40 
B. G. C. 40 40 40 - 65 85 65 
N. C. B. 30 60 60 70 70 90 75 
Dept. Energy 30 55 42i 65 67i 90 674 
Average 30 48 47 60 60 87 61 
Source: C. A. Chapman (1), Appendix 6. 
Domestic demands for liquid-fuels, excluding motor spirits, 
have not shown the dramatic rise or fall of either coal or gas. Growth 
over the period to 1973 *was steady and averaged 7% . annually. From 
671 million therms in 1960 (5% of total domestic heat supplied). 
market share more---th-anidoubled=-by--I'. 973 t6' l 1.2% with .=- 
.a peäk--demand of 1,668 million therms. In 1974 consumption 
dropped 
11.5% following the tripling- of world oil prices a: lisi-- 
consumption dropped by a further 22% between'1979 and 1980 following 
the second series of oil price rises. By 1980, market share had 
fallen to 6.9%. 
Residential electricity consumption shows the same profile as 
liquid fuels demand but with a longer gestation period before the 
turn-down after the first round of oil price rises. Demand grew 
from L. 149 million therms1 in 1960 (8% of the domestic total) and 
reached 3,161 million therms in 1974 (21% of the total). Consumption 
declined only 4% in 1975 and then remained relatively static until 
the second round of oil price increases and the recession prompted 
another decline, again of 4%. 
1.1 
therm = 29.3 kWh. 
4 
Table 1.2 and Diagram 1.2 show domestic energy consumption 
on a useful heat rather than a heat supplied basis. Estimates 
of conversion losses have been subtracted from each of the 
elements of Table 1.1 using the average efficiencies suggested 
by Chapman (1)1; coal 30%, coke and breeze 48%, other solid 
fuels 47%, town and natural gas 60%, electricity 87% and 
petroleum 61%. This alternative demand profile shows 
that domestic consumption of useful energy has been steadily 
increasing over the last two decades and that the relative 
stagnation of primary energy consumption suggested in 
Diagram 1.1 has resulted mainly from substitution away 
from solid fuels towards gas, which can be burnt more 
efficiently. 
Growth in consumption of useful energy over the 
twenty years to 1980 averaged 2.4% per annum although there 
have been considerable fluctuations; from 6.1% in 1967/68 
to -3.3% after the second set of oil price increases (1979/80). 
Using the average conversion efficiencies (which can only be 
treated As a rough guide and may well have changed over the 
period considered) it thus appears that total domestic 
consumption of useful energy increased from 5,812 million 
therms in 1960 to a peak of 9729 million therms in 1979. An 
earlier peak occurred in 1974 just after the first set of oil 
price increases and before the full impact of the oil price 
rises had been reflected in the prices of coal and electricity. 
Consumption declined marginally between 1974 and 1976 as 
these price increases filtered through but then strengthened 
again as the prices of all fuels, and particularly the price 
of gas, began falling in real terms. 
The table and diagram suggest rather different fuel market 
shares and rates of substitution than do data of primary energy 
consumption. On a useful heat basis coal's market share 
(including coke etc) of 62.4% in 1960 (78.4% on a heat supplied 
basis), fell to under 12% by 1980. This five-fold contraction 
5 
1. Derived in a previous footnote. 
TABLE 1.2 
Domestic Energy Consumption On A Useful Heat Basis 
(Million Therms) 
4 
Year Coal Coke k 
Breeze 
Other 
Solid 
Town 
Gas } 
Natural 
Gas 
Electricity Petro- 
leurn 
Total 
1960 3000 453 171 779 - 1000 409 5812 
1965 2407 573 241 1121 - 1699 591 ". 6632 
1966 2247 568 259 1306 0 1776 590 '6746 
1967 2046 544 279 1483 1 1851 614 6818 
1968 2056 496 325. 1681 17 1979 680 7234 
1969 1842 434 365 1816 111 2144 745 7457 
1970 1696 336 368 1749 376 2284 814 7623 
1971 1449 216 402 1505 853 2404 806 _ 7635 
1972 1263 162 400 1330 1375, 2575 929 8034 
1973 1258 148 383 954 1935 2711 017 8406 
1974 1187 156 365 623 2607 2750 904 8592 
1975 1014 123 332 297 3238 2649 875 8529 
1976 942 105 306 87 3629 2527 875 '8471 
1977 969 102 297 26 3928 2551 885 8758 
1978 890 90 273 11 4345 2548 874 9031 
1979 916 91 267 12 4923 2663 857 9729 
1980 783 , 
76 256 11 ''5052 2557 X 667 9402 
Source; Table 1.1 and reference 1, page 5. 
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is considerably sharper than the fall in 1980 to a market 
share (including coke etc. ) of about 21% on a heat supplied 
basis. 
Coal's decline has been associated with substitution towards 
electricity and more noticeably gas. Electricity, having 
the highest conversion efficiency, accounted for only 17.2% 
of useful energy demand in 1960 (8.0% of heat supplied) but 
had increased its share to 27.1% in 1980 (18.6% of heat 
supplied). The market share held by gas is broadly similar 
in terms of both heat supplied and useful energy (because 
it's conversion efficiency is close to the average). 
Penetration rose to just under 54% in 1980 from 9.0% and 
13.4% in 1960 on primary energy and useful energy bases 
respectively. 
Market share held by liquid fuels has changed little and 
shows only small differences between heat supplied and 
useful energy profiles. On a heat supplied basis penetration 
rose from 4.7% to 7%. In terms of useful energy, apart from 
a slight peak during 1979, market share has stayed close 
to 7% throughout the twenty years to 1980. This is due 
largely to improvements in the average utilisation 
efficiency of energy in the domestic sector through the 
increased penetration of gas. 
Overall, the substitution towards gas and electricity has 
increased the average thermal efficiency of domestic fuel 
use by nearly 50% over the last twenty yearsl. Table 1.3 
shows that the weighted average conversion efficiency is 
now close to 60% (the same as the average for gas) having 
risen from 40% in 1960. 
1. The generalisation assumes that all domestic energy 
is used in thermal applications. For part of electricity 
demand this assumption is incorrect. 
8 
TABLE 1.3 
Average Domestic Sector Conversion Efficiencies* 
1960 1965 1970 19721 19747 1976 1978 1980 
0.403 0.457 0.521 0.558 0.570 0.582 0.588 0.596 
*Average efficiency = Total domestic energy consumption 
on a useful heat basis = total domestic energy consumption 
on a heat supplied basis. 
Source: Tables 1.1 and 1.2 
If the market shares held by each fuel in 1960 had persisted 
through to 1980, the observed rise in useful heat demand 
would have increased domestic sector energy demand on a 
heat supplied basis to approximately 26,400 million therms, 
considerably higher than the 15,784 million therms recorded. 
This gives some measure of the energy conservation that has 
taken place in the domestic sector through efficiency 
improvements. These savings must be distinguished from 
the more conventional notion of conservation in which useful 
energy is saved through improved building fabrics, improved 
appliance design and through frugal consumer utilisation. 
Persistence of the fuel market shares of 1960 would have 
taken domestic demand for solid fuels to over 53.0 million 
tonnes by 1980, considerably higher than the 10.5 million 
tonnes recorded. Gas demand, however, would have been 
only 2,100 million therms, less than half the 5,052 million 
therms actually consumed. 
Actual conservation of primary energy would have been 
lower than the margins suggested from these simple 
extrapolations because price effects have not been taken into 
account. Apart from consumers' preference for gas because 
of the high level of convenience associated with gas heating, 
9 
much of the substitution away from coal appears 
to have been price induced. Between 1967 and 1979 the 
real price of solid fuels in the domestic sector increased 
by 33% whilst the real price of gas fell by 46%1 . 
Thus had the market shares of 1960 persisted it is 
likely that domestic consumption of useful energy would 
have advanced rather more slowly than has been the case. 
It is not therefore possible to suggest with any accuracy 
the magnitude of primary energy conservation in the 
domestic sector that has resulted from substitution 
towards gas and electricity. 
The changes in total fuel consumption illustrated in 
Diagrams 1.1 and 1.2 are compounded from two effects; 
increases in the number of domestic consumers and 
changes in the energy consumption of individual 
households. Table 1.4 shows the stock of dwellings 
in the United Kingdom and Diagrams 1., 3 and 1.4 
present the same consumption data as Diagrams 1.1 
and 1.2 but on a per household basis. 
1.2 Energy Consumption Per Household 
Diagram 1.4 shows that average consumption of useful 
energy per household has been increasing over the last 
two decades, whereas consumption on a heat supplied 
basis has been falling. Growth in useful heat demand 
has been unsteady but averaged 1.7% between 1965 and 
1979. Growth in total consumer expenditure has been 
similarly unsteady, averaging in real terms 1.9% per 
annum between 1965 and 19792. 
1. Source: Digest of U. K. Energy Statistics 1969 
Table 93, page 145.1981 Table 82, page 119. 
2. Source: Economic Trends 1981, Tables 25 and 114. 
10 
TABLE 1.4 
Stocks of Dwellings in Great Britain and the United Kingdom 
(Millions)* 
Year Great Britain United Kingdom 
1960 16.215 16.652 
1961 16.419 16.863 
1962 16.630 17.082 
1963 16.834 17.294 
1964 17.108 17.577 
1965 17.387 17.864 
1966 17.660 18.144 
1967 17.941 18.436 
1968 18.234 18.740 
1969 18.488 19.003 
1970 18.731 19.257 
1971 18.967 19.504 
1972 19.213 19.758 
1973 19.415 19.964 
1974 19.627 20.181 
1975 19.870 20.429 
1976 20.124 20.683 
1977 20.375 20.949 
1978 20.617 21.200 
1979 20.186 20.779 
*Figures for 1980 are not yet available. 
Source: Annual Abstract of Statistics 1981, Table 3.61 Page 90, 
1972 Table 71-Page 74. Housing Statistics 1969 Table II, Page 70. 
1. Data contained in the Annual Abstracts and Housing Statistics 
do, not give details of housing stocks in Northern Ireland. These 
have been interpolated from population data (Annual Abstracts 1981 
Table 2.1 Page 7) by assuming that the numbers of persons per 
household in Northern Ireland is similar to family size in Scotland. 
This simplification is employed in discussion only since (analysis 
of) the thesis does not consider Northern Ireland. The approximation 
should not prove restrictive since Northern Ireland accounts for only 
2.8% of United Kingdom population. 11 
4 
I 
0 
a 
a' N 
T 
O' 
O' 
N' 
T 
O` 
T 
O' 
OD 
O' 
0 
O 
v 
N 
J 
v 
U' 
1 
o. 
J 
.O 
O 
O 
N 
O 
O 
WP 
OO 
OO 
tT 
O 
O 
T 
O 
O 
`J 
O 
O 
Co 
O 
O 
10 
O 
O 
a 
E 
7 ý 
Q n 
: p b 
O 
Ö 
b 
S7 " q ý 
0 
0 
IU 
,r . 
a 0 
Ab 
ýd 
sý 
n 
a 
F 1w 
12 
s 
N 
OO 
O -O - 
O' 
O 
O' 
C' 
N 
O' 
W .. 
C' 
O' 
U' 
O" 
o H 
0 
o' ° E 
O` 4 N 
OC A m 
n 
10 0 
0 
N 
d O 
C 
i C 
z U a 
e. a 
V ä 
v 
0 
J 
N 
G 
n 
H 
v C, 
N 
N 
C3. 
S A M 
3 
m 
w .ý UI C C G 
0 0 0 
4 
1H 
0 
0 
c 3 
I 
13 
On a per household basis real expenditure growth has 
averaged only 0.9% per annum, suggesting by comparison 
with the 1.7% growth in useful heat demand a marginal 
substitution towards expenditure on energy. Such a 
trend is consistent with rising consumer wealth' but is not 
reflected by expenditure data (real household expenditure 
on fuel and light increased at only 0.7% per annum between 
1965 and 19792) because of the fall in real energy prices 
which took place over the same period. 
Other factors have also had considerable influence upon 
useful heat demand. In particular, although gas availability 
has grown only slightly faster than the number of households3 
heavy promotional expenditure by the gas industry4 probably 
helped to accelerate the growth in domestic gas demand, 
which averaged over 10% between 1965 and 1979. 
Central heating ownership rose from 16.5% of 
households in 1966 to 37.8% in 1972 and 54.8% in 1978. 
Source: Handbook of Electricity Supply Statistics, 
The Electricity Council 1980. 
2. Source: Economic Trends 1981, Tables 25 and 114. 
3. Increases in the number of domestic gas consumers 
averaged 1.2% yearly between 1965 and 1979. The 
number of households grew at only 1% over the same 
period. 
Source: British Gas Corporation Annual Reports. 
1964/ 65 through to 1978/79. 
4. Data for the advertising expenditure of the whole gas 
industry are not available over an extended period but 
British Gas Corporation's annual reports show that 
promotional expenditure by the Gas Council (across all 
sectors) rose from £ 1.75 million in 1965/ 66 to 
£ 2.8 million in 1971/72 at current prices. Expenditure 
for the whole industry in 1978/79 totalled £ 20.0 million. 
14 
Because the relative price of gas, rising consumer income', 
improved gas availability and heavy promotional expenditure 
have all encouraged domestic gas demand, it is difficult 
to identify separately the effect which each has had upon the 
substitution in household budgeting towards services derived 
from energy. Moreover the component stimuli are to 
some extent interdependent 
2. 
Diagram 1.4 shows that consumption of solid fuels per 
household has followed the same decline suggested from the 
aggregate consumption data of Tables 1.1 and 1.2. On a 
useful heat basis solid fuels supplied 62.4% of average 
household requirements in 1960 (217.7 therms) but by 
1980 their contribution had fallen to just 13% (61.3 therms). 
The contribution from liquid fuels has remained surprisingly 
constant, partly at the expense of coal's market share. 
From 24.6 therms per household in 1960 (7% of average 
requirements) demand grew to a peak of 50.9 therms in 
1973 (12.1% of useful heat supplied). By 1980 liquid fuels 
1. Personal disposable income per head at 1975 prices 
rose from £ 1083 in 1965 to £ 1320 in 1975 and £ 1511 in 
1980. Growth between 1975 and 1980 averaged 3.1% 
per annum. Source: Annual Abstract of Statistics, 1981,1969. 
2. The argument that gas has been and is still to some 
extent in real terms under-priced, implies that a household's 
decision to consume gas in preference to other fuels contains 
(by substitution) an income effect which will further augment 
wealth induced movements towards higher durables and service 
expenditures. Chapter Five examines support for this 
argument and considers to what extent the regional distribution 
of effects has been equitable. 
15 
were still on average contributing 41.2 therms (8.8%) 
of the average household demand of 468.2 therms. 
This resilience in demand over a period when in current 
terms the price of liquid fuels increased over sixfold, 
much faster than the rise in price of all domestic fuels 
l, 
is the result of a number of opposing trends. Diagram 
1.52 shows that the rise in domestic oil consumption which 
has kept market share roughly constant is attributable 
largely to increased sales of central heating fuels. 
Non central heating uses of liquid fuels have shown 
remarkably little variation in sales. Relative independence 
from price suggests a strong association with low income 
households for the provision of essential point heating. 
Although in later years of the sample there was a sizeable 
substitution towards gas/diesel oil for point heating 
at the expense of burning oil (in response to changes in 
relative price) the combined point heating load (made up 
from sales of both fuels) showed very little change. 
1. Data in various issues of the Digest of U. K. Energy 
Statistics show that between 1962 and 1980 the retail price 
index of fuel and light (excluding motor spirit) increased 
from 101.3 to 638.0 (January 1962=100). A similar series 
for the price of all domestic fuels increases from 101.6 
to 473.1. 
2. Data only available to 1976. 
16 
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1.3 Central Heating 
Diagram 1.6 shows total central heating acquisitions by 
fuel. After strong sales at the beginning of the period, 
installations of solid fuel systems thereafter declined 
continuously. This was presumably the result of 
unfavourable movements in the relative price of coal and 
of consumers' preference for heating systems which are 
clean and easily manageable. Diagram 1.7 gives real 
retail prices of domestic fuels on a heat supplied basis 
and from Diagram 1.8, which gives equivalent data 
after combustion losses have been accounted fort, it can 
be seen that coal has been significantly more expensive than 
both oil and gas since the early 1970's2. Prices in both 
tables have been expressed in constant 1975 prices by 
dividing throughout by the retail price index with 1975 equal 
to 100. 
1. Conversion efficiencies used are the same as previously; 
coal 30%, gas 60%, petroleum 61% and electricity 87%. 
2. Although the conversion efficiency used for coal is an 
average from several sources, it could be argued with 
some conviction that the estimate of 30% is rather low. 
Efficiencies of 20-30% may be appropriate for traditional 
open-grate fires, but modern solid fuel central heating boilers 
can have thermal efficiencies as high as 60-70%. The average 
conversion factor used throughout this chapter is not 
unfortunately able to weight efficiency estimates in accordance 
with the numbers of open fires and solid fuel central heating 
systems. If this were possible, the improved estimate 
would probably be higher than 30%. In Diagram 1.8 this 
would have the effect of moving the coal price schedule 
downwards, delaying coal's loss of competitiveness with 
gas and improving the position with respect to oil. Never- 
theless, coal's loss of new central heating sales can still 
be attributed to its relative price. In practice coal needs 
a significant price advantage for it to be competitive with 
other fuels in order to compensate for its inconvenience of 
use. 
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Installations of oil fired central heating systems, which 
offer the same cleanliness and convenience as gas central 
heating systems, grew steadily although slowly throughout 
the 1960's under a favourable relative price. That sales 
did not advance more rapidly can be explained by the heavy 
promotional expenditure undertaken by the gas industry 
and by the need for oil central heating systems to have a 
storage tank, which both increases capital costs and 
restricts penetration to those dwellings with sufficient 
space. After the 1973/74 oil price rises sales of oil 
systems began to drop away. However, although more 
recent sales data are not available consumption data for 
the years after 1975 suggest that the subsequent stability 
in real energy prices until the second round of oil price 
2 
rises in 1979/80 temporarily arrested the sales decline. 
Most of coal's loss of new central heating sales has been to 
gas although Diagram 1.6 gives some evidence of loss to 
oil, most likely to have taken place in non-gas areas. Oil's 
loss of sales in gas areas may therefore have been compen- 
sated to some extent by gains from coal in areas where gas 
was not available. After all, non-gas areas have also 
experienced increased demands for central heating (although 
at lower rates than gas areas). This further explains the 
relative stability of liquid fuel's share of useful heat supplied. 
Based upon the price information of Diagram 1.8, it seems 
likely that a large part of oil and coal central heating 
system sales have from the early 1970ts3 been confined to the 
diminishing part of the country in which gas is not available. 
Table 1.5 shows gas availability throughout the country. 
1. They are commercially available. 
2. See Diagrams 1.1, and 1.2. 
3. Allowing for a modest improvement in the 30% efficiency 
estimate for coal. 22 
TABLE l. 
Miles of Gas Mains(Thousands) 
p 
Year S N NW NE EM WM W E NT SE ST SW Total 
63/ 64 8.2 6.4 14.0 8.0 10.7 9.3 . 4.9 7.1 10.2 11.4 6.5 6.4 103.1 
64/ 65 8.4 6.. 5 14.2 8.1 11.1 9.6 5.1 7.4 10.3 11.6 6.7 6.6 105.6 
65/ 66 8.6 6.7 14.4 8.3 11.3 9.8 5.2 7.7 10.5 11.8 6.9 6.8 108.0 
*6.167 8.8 6.. 9 . 
14.7 8.5 11.8 10.2 5.3 8.0 10.7 12.2 7.2 770 111.3 
67/68 9.0 7.0- , 15.0 8.8 12.3 10.5 5.. 5 8.4 10.9 12.5 7.5 7.3 114.7 
68/69 9.2 7.3 15.4 9.1 12.6 10.9 5.6 8.8 11.2 12.8 7.8 7.5 118.2 
69/70 1 9.4 7.5 15.6 9.2 12.9 11.1 5.7 9.1 11.3 13.2 8.0 7.9 120.9 
70/71 9.5 7.7 15.8 9.5 13.1 11.3 5.8 9.4 11.5 13.4 8.1 8.0 123.1 
71/721 9.7 7.8 16.0 9.7 13.3 11.5 5.9 9.5 11.9 13.6 8.3 8.2 125.4 
72/73 9.8 7. 
_8 
16.1 9.6 13.1 11.3 5.9 9.3 14.8 13.7 8.4 8.1 124.9 
73/74 9.9 7.9 16.3 9.8 13.3 11.7 6.0 9., 1 11.7 . 
13.9 8.6 8.2 126.4 
74/75 10.0 8.0 16.4 9.8 13.4 11.8 6.1 9.2 11.9 14., 0 8.7 8.3 127.6 
75/76 10.2 8.1 16.7 9.9 13.6 11.8 6.5 9.4 12.0 14.4 8.8 8.4 129.8 
76/77 10.4 8. ,2 16.8 10.0 13.7 11.9 6.7 -9.6 12.0 14.2 9.0 8.5 131.0 
77/78 10.5 8.5 17.0 10.1 13.9 11.9 6.8 10.1 12.1 14.4 9.2 8.6 133.1 
78/79 10.7 8.6 17.2 10.2 14.5 12.1 7.0 10.1 12.2 14: 5 9.3 8.8 135.2 
abbreviations of Gas Areas: 
S Scotland EM : East Midlands NT a North Thames 
N= Northern WM s West Midland SE = South Eastern 
NW = North Western Wa Wales ST a Southern 
NE 2 North Eastern Ea Eastern SW   South Western 
Source: British Gas CorporationAnnual Reports. 
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1.4 Scope Of This Study 
This contraction in market sizes and the likelihood 
of further reductions are amongst the principal reasons 
why this thesis has not analysed the domestic demands 
for either coal or oil. Attention is instead restricted 
to electricity in particular and also to gas. The insight 
into domestic energy markets to be gained from analyses 
of the relatively small and declining shares of oil and coal, 
large portions of whose sales and virtually all of whose 
sales expansion prospects depend upon the absence of gas, 
could only be limited. Moreover this insight is further 
limited by the sparse data which are available for domestic 
sales of both fuels. This is not a criticism of either the 
NCB or those oil companies which supply the domestic 
market, but reflects the low level of importance which 
each attätches to domestic sales. Analyses could not have 
progressed beyond aggregate and overly simplistic treatments 
of household demand. 
Instead, this thesis treats sales of coal and of liquid fuels 
to the domestic sector as residuals from the market shares 
of gas and electricity. This is a simplifying assumption 
since in reality all fuels compete to some extent for 
domestic heating applications. However, some (defensible) 
simplifications are necessary in order to preserve the 
greater depth to which it is possible to analyse the domestic 
demands for electricity and gas. There would for example, 
be little point in solving for market shares from a domestic 
energy model comprising elaborate treatments of electricity 
and gas demands but only elementary descriptions of the 
demands for coal and oil. 
Most other studies of domestic energy demand tend to focus 
only upon electricity. There are few studies of the household 
l 
1. See Chapter 2.2 4 
demand for gas and only one of residential coal and 
l 
liquid fuels use. Very little coal is used by American 
households and so the absence of U. S. domestic coal 
studies is understandable. For the U. K. domestic sector, 
the similar absence may indicate a silent. concensus that 
market share will continue to decline. This may also 
explain the absence of U. K. domestic sector liquid 
fuels studies but the absence of work for the United 
States is slightly perplexing, although it does reflect 
the predominance of natural gas as a space heating fuel. 
Only gas and electricity are considered in subsequent 
chapters of this thesis; gas because of its rapid penetration 
into space and water heating markets and its dominant 
market share, and electricity because of the heterogeneity 
of its end-uses. In 1979 the two fuels together supplied 
78% of the useful energy consumed by households. 
1.5 Domestic Electricity And Gas Demands 
In total, the domestic sector now accounts for a more 
significant proportion of electricity demand than it did 
when supply was nationalised although industry remains 
the single most important sector. Growth in industrial 
sales can be principally associated with increases in the 
level of industrial production and successively higher levels 
of automation and mechanical handling in manufacturing 
processes. New machines introduced to replace existing 
models invariably have improved handling capabilities and 
inevitably heavier power consumptions. Developments in 
electrolysis, electroplating and specialist heating techniques 
in the iron and steel industry, all of which consume large 
amounts of electricity, have also increased demand by 
extending the industrial applications of electricity. 
1. Within the author's knowledge. Lebanon (4) 
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Between 1955 and 1962 industrial electricity sales grew 
annually at a formidable 6.4%l, but were outstripped 
by increases in domestic demand which averaged 12.3%l 
over the same period. However between 1962 and 1967, 
the growth of domestic sales approximately halved. 
After a brief recovery in 1968 growth declined further. 
becoming negative in 1977 and pulling total domestic 
sector sales down by approximately 9% from their 1975 
peak. 
Since nationalisation, sales of electricity to the domestic 
sector have increased over five-fold. This increase 
has resulted partly from rising numbers of domestic 
consumers2 and partly through the higher consumptions 
of each consumer. At nationalisation the average domestic. 
consumer used 1,190kWh annually. By 1974/75, the 
financial year of peak consumption, this average had risen 
to 4,604kWh. 
Higher average consumptions per consumer can be 
considered as two component effects. Firstly, increased 
consumption per household has come about through rising 
stocks of electrical appliances (illustrated in Diagram 1.9). 
Secondly,. Table 1.6 shows that some appliances now consume 
more power than they used to, either because power ratings 
have increased over time or because they are now used 
more intensively than previously. The trend is not universal 
since other appliances have been gradually improved and now 
consume less power than their ancestors. However, in 
terms of connected load, the introduction of electric. 
central heating, the extension of electric water heating and 
the introduction to the U. K. of dishwashers, free^ers and 
1. Source: Annual Abstract of Statistics 1966, Table 173, Page 
147 
2. The number of domestic consumers in England and 
Wales rose from 9.3 million in 1974 to 17.7 million in 
1977. Source: Electricity Council Domestic Sector Analysis (5). 
26 
Percentage Of Electricity Consumers Owning 
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colour televisions have more than offset the modest 
economies obtained from the improved design of more 
established appliances. 
Recorded electricity consumption shows only limited 
indication of these opposing trends. In particular the 
high running costs of electric space heating systems 
caused utilisation to decline after 1973 and Table 1.2 
and Diagram 1.4 show that total domestic electricity 
consumption has remained relatively static over the 
last few years. Only an increasing number of consumers 
and rising appliance demand has prevented an overall 
decline in total consumption. 
Space and water heating together account for a large 
share of total domestic electricity requirements. In 1977 
they accounted for respectively 20.3% and 26.1% of the 
total residential demand of 73,162 million kWh. Analysis 
of these demands is more complicated than of the premium uses 
1 
of electricity because of competition from other fuels. 
Marked changes in trend have occurred and as already noted 
the last few years have witnessed a sharp fall in electric 
space heating demand. The decline has been sharpest in 
the direct acting segment of demand where consumption 
fell 65% between 1975 and 1977 to just over 4GWh. Off-peak 
sales have also been badly hit although lower off-peak prices 
and consumers' high capital commitments on appliances kept 
the decline by 1977 to 43% of the 1975 sales of 28.5GWh. 
The peak year for electric space heating of all forms was 
1974 when demand totalled 49. OGWh (64% of total domestic 
electricity demand). 
Demand in 1977 was just 18.9GWh. 
Total electricity 
demanded for water heating, which is 
illustrated in Diagram 1.10, has not suffered a fall similar 
to space heating 
but has instead continued to increase 
1. Applications where electricity is used to drive appliances 
rather than provide 
heat and where it therefore has a monopoly. 
Also includes local heat applications such as dryers. 
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steadily, although slowly, as a result of two opposing 
trends. Average electricity consumption per household 
for unrestricted and off-peak water heating has been 
falling since about 19641. Only the rising proportion 
of households using electricity for, water heating 
(penetration increased from 20.8% in. 1955 to 68.1% 
in 1977) has produced an overall increase in demand. 
The early high rates of growth in total demand resulted 
principally from a rapid build up of direct acting electric 
space heating load. Diagram 1.9 and Table 1.6 show that 
over the decade to 1965 ownership of direct acting electric 
heaters rose by a third and utilisation doubled. Buoyant 
consumer spending throughout the 1960's 
2 
stimulated 
demands for better standards of home heating which 
at the time neither the coal or gas industries could 
fully satisfy. Coal was undergoing production difficulties 
and was hampered in the market place by an old-fashioned 
image. Gas, although feeling the benefits of oil gasification 
and improved marketing, remained at a considerable dis- 
advantage with respect to electricity as gas appliances were 
significantly more expensive than their electric counterparts. 
This weakness in competition between. fuel industries for 
the domestic heating market strongly favoured electricity. 
Consumers were able to raise standards of home heating 
through piecemeal purchases of relatively inexpensive electric 
1. See Table 1.6. 
2. Between 1960 and 1970 total consumer s' expenditure 
increased in real terms at an average rate of 2.4% per 
annum. Source: Economic Trends 1981, Tables 25 and 114. 
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fires. Installation is straightforward and the operation 
and cleanliness of direct acting electric fires offered 
significant advantages over available alternatives of 
the day. 
Eventually the new domestic heating load had unpleasant 
repurcussions for the electricity supply industry. The 
load was both highly seasonal in nature and additionally 
tended to make the daily demand profile more peaky. 
Both factors caused system load factor to decrease since 
simultaneous maximum demand increased faster than the 
rate at which consumption was growing. As a result the 
industry experienced some capacity problems and in 
1963 introduced off-peak tariffs to transfer part of peak 
demand to times of day when surplus capacity was available. 
By offering electricity at reduced rates during the night 
and afternoon, the industry sought to discourage further 
growth of direct acting space heating. 
Development of storage radiators accompanied introduction 
of off-peak tariffs and enabled electricity for space heating 
to be taken at times other than when it was needed. That 
electric storage heating systems require consumers to make 
considerable financial investments may go a long way to 
explain the sudden drop in the rate of growth of domestic 
sales which occurred at about this time. Since the decision 
to adopt an electric space heating system henceforth carried 
an expenditure profile broadly similar to that of other fuels, 
the introduction of storage radiators and off-peak tariffs 
opened up the possibilities of inter-fuel competition for 
the domestic space heating market. 
This occurred at a time when the gas industry was beginning 
to feel the benefits of oil gasification and of competitive 
liquified natural gas imports from Algeria, both of which 
facilitated a radical change in the industry's marketing 
32 
policy. The industry's new contemporary image, 
an intensive promotion of gas space heating and 
favourable prices to consumers undoubtedly strengthened 
domestic sales of gas, although it was not until after 1965 
that demand growth exceeded that of domestic electricity 
sales. From 1.3 billion therms in 1960 domestic gas 
sales rose to 1.9 billion therms in 1965, an average growth 
rate of 7.5%. By 1970 gas sales reached 3.5 billion 
therms and growth in electricity sales, 11.1% annually 
between 1960 and 1965, was nearly halved to 6% whilst 
growth in domestic gas sales accelerated to 13%. Although 
electricity prices continued to fall in real terms and until 
1971 did so faster than the rate of decline in real gas prices, 
electricity remained considerably more expensive as a 
source of heat as Diagram 1.8 shows. Electricity's market 
share continued to suffer. Diagram 1.11 confirms that this 
was principally through space heating losses. 
Price rises over more recent years (following the oil price 
rises of 1973/74 and 1979/80) have continued the decline in 
electrical heating demand, although after both increases 
consumption datal suggests a transient substitution towards 
electricity during the period when electricity price increases 
lagged behind those of coal and oil2. In addition to the 
eventual weakening of competitive position, official 
Government advertising has since 1974 actively promoted the 
conservation of electricity. It would be unreasonable to 
infer that this has had no impact of domestic demand, however 
small, but it is likely that most of the 65% and 43% reductions 
in unrestricted and off-peak heating demands respectively 
that occurred between 1975 and 1977 were price induced. 
1. Tables 1.1 and 1. Z 
2. Diagram 1.8. 
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1.6 Overall Approach Of Study 
As already noted, a considerable proportion of domestic 
electricity is demanded for purposes other than space and 
water heating (43.7% in 19771 and so is largely insensitive 
to the relative attractions of other fuels. As a source of 
light and power electricity has no practical competitors 
and in these premium uses the high price of electricity 
has not noticeably constrained growth in demand. For 
most of the appliances running costs are considerably lower 
than those of heating appliances and this further reduces 
their fuel price elasticity. Indeed, Diagram 1.11 shows 
that the total demand for electricity would have fallen 
rather sharper than observed after the 1973/74 oil price 
rises had not the demand for electrical power continued 
to grow unabated. 
Clearly then households' total demand for electricity 
can be divided into a number of separate components. 
Each differ from the remaining components of demand in 
their response to the various physical and economic stimuli 
which influence consumers' expenditure on energy. An 
aggregate study of demand would only prove satisfactory 
provided that these components had remained of constant 
relative size. Up until 1973 such a study would have been 
satisfactory but the subsequent sharp contraction in 
heaýGýnq 
electric] 1enMands has changed the pattern of total demand. 
An aggregate study would incorrectly attribute the fall 
in sales to each component of demand. This would be 
misleading for forecasting sales of heating and non-heating 
appliances and for forecasting further changes in demand. 
Moreover elasticity estimates would be compound figures not 
directly representative of any one part of consumers' behaviour. 
1. Source: Electricity Council Domestic Sector Analysis (5 
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The analysis of Chapter Two shows that only relatively 
few disaggregated studies of domestic electricity demand 
have been undertaken. This reflects the absence of much 
disaggregated data for domestic electrical demands and 
appliance ownership but is in part also developed from a 
traditional support of aggregate studies for forecasting 
and policy evaluation. This support, once acceptable, 
is now outdated and dangerous. The period of declining 
real energy prices is over (at least for the time being) 
and the brief discussion given in this chapter has shown 
that the components of total domestic sector energy 
consumption, and the components of electricity demand 
in particular, have since moved in rather different ways. 
No longer is there a broadly based trend of demand growth 
that can be adequately represented by a single equation or 
a small number of equations. The aggregate approach, 
which would have in any case eventually become outdated 
through different rates of space heating and appliance 
saturation, has had its usefulness truncated through changes 
of demand patterns previously regarded as static. Further 
changes in the real price of energy will continue changing 
the mix of total demand and the components which make up 
domestic electricity demand. 
The study of domestic electricity demand conducted in this 
thesis starts at a level of disaggregation constrained only 
by the availability of data, and builds up a picture of total 
demand. A similar approach is adopted for gas. Even 
though gas demand is directed almost wholly towards space 
heating, there are significant differences in the stock 
demands for point heaters and central heating systems and 
the contributions which they make to total'sales. It is 
after. all for the data to suggest which demand components 
are similar and may therefore be aggregated together. 
36 
Only after a disaggregated investigation has been 
undertaken will sufficient evidence have been 
acquired to support any proposed simplifications 
of model specification. Structurally however, 
the demands for each fuel remain to some extent 
different. 
Before the empirical work of this thesis is commenced, 
Chapter Two first analyses a number of existing studies 
of residential (and commercial) energy consumption. 
A fundamental difference from most of these works has 
already been established through the suggestion that 
aggregate models can only be developed with the 
insight obtained from disaggregated investigations. 
Nevertheless the works have provided considerable 
insight into patterns of domestic sector energy 
consumption and have proved instrumental in the 
development of the analytical framework of this study. 
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CHAPTER TWO 
A REVIEW OF EXISTING STUDIES 
A considerable number of authors have studied patterns of energy 
use in the residential sector. Methods used have shown wide 
variation and results have both confirmed and refuted the findings 
of other studies. Much insight into the empirical work of this 
study has been gained through reviewing a selection of these studies. 
Having well-tried bases upon which to build the models of this study 
has proved invaluable and despite conflicts in approaches and in 
results, existing studies have contributed significantly to this work. 
As some U. S. data makes only partial distinction between residential 
and commercial consumers, a number of noteworthy studies have 
considered both sectors. Rather than omit these studies, this review 
has instead widened its scope to include those combined studies of 
the residential and commercial sectors which have been developed 
using methodologies suitable for separate analysis of the residential 
sector. 
2.1. Residential and Commercial Sector Models 
Econometric models of residential and commercial energy use 
originate principally from the United States. Understandably they 
deal predominantly with U. S. , markets although a few have undertaken 
pooled estimations across a number of countries. Studies emanating 
from British authors have been relatively few and far between. 
However, there are now signs of increased activity, not least inspired 
through the contentious nature of some of the existing works. 
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In common with industrial and transport markets, such economic 
theory as has been applied to residential and commercial model 
specifications has largely been the work of American authors. 
The 'translog' indirect utility function has been the favourite 
medium through which to introduce explicit theory, but the proportion 
of models having these rigorous foundations is low. Moreover, their 
results cast doubt upon the usefulness of the technique and in particular 
its applicability to residential and commercial sectors. 
Relatively few studies of the commercial sector have been undertaken. 
On both sides of the Atlantic the sector embraces customers who are 
anything but homogeneous in their basic characteristics of energy use. 
Analysis is therefore very difficult and is aggravated in the United 
States by the inclusion of large residential apartment blocks under 
commercial tariff classifications. Studies of the commercial sector 
therefore usually appear in conjunction with residential analyses. 
This situation is likely to change. Rising consumer expenditure on 
services, both in Britain and the U. S. , is promoting energy 
demand 
within this sector at a time when demands from other sectors are 
falling. In relative terms the importance of the sector is increasing. 
Further studies are therefore likely. 
Classifying studies according to their country of origin would 
produce two sections an order of magnitude different in size. 
Similarly disaggregation by fuel or fuels considered would produce an 
unbalanced coverage of material. The majority of studies produced 
for residential and commercial markets relate solely to electricity 
demand. A few have been produced for gas, of which the work by 
Balestra (6 ) is fundamental, but no notable works have been produced 
specifically for either coal or liquid fuels. For the United States 
this is not an oversight since both have historically accounted for only 
a small proportion of total fuel supply in the residential and commercial 
sectors. However, within the United Kingdom, the absence of 
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studies on coal use in the residential sector may at first be 
perplexing. Even though sales have been declining over recent 
years, coal's earlier dominance in home heating markets could 
have provided raw material for what would have been pioneering 
demand analyses. That these studies were not undertaken follows 
partly from the low energy prices (and hence low interest) of 
the 1950's and 1960's, and also partly from the promotion of fuels 
other than coal from the outset of central heating development. 
Throughout this review, studies have been grouped according to 
similarity of approach. Although this is felt to be the most 
rational approach, the whole area is characterised by a wide 
diversity of methods largely resulting from the preference for 
ad hoc specifications drawn from the theory of consumer demand. 
Simplicity is not a fault of these models. Authors have implicitly 
recognised the justification for modelling only to the level at which 
consumers' perception of price tariff structures and their 
perception of investment returns upon competing durables can be 
realistically defended. After all, consumer expenditure on 
energy has historically accounted for a relatively low proportion 
of total household expenditure. Moreover, with the exception of 
gasoline, a substantial fraction of these purchases are paid for 
up to three months in arrears, introducing significant limitations 
to information perception. If future research follows the consensus 
of past approaches we will remain firmly encapsulated between the 
standard works of Balestra (6) and Jorgenson (7). None of the 
alternative approaches introduced has yet gained universal 
acceptance. 
One general criticism of models of the residential and commercial 
sectors (their unwavering confidence in econometrics) must be 
mentioned now. Authors invariably succumb to the temptation of 
40 
introducing ex post economic explanations for unsuspected 
estimation results, often produced either by specification errors 
or through spurious statistical associations between variables. 
2.2. Translog Indirect Utility Functions 
The fundamental work by Jorgenson ('7) and the subsequent 
developments by Pindyck (8 ), represent the most elegant mathematical 
attempts at simulating residential energy consumption. Both are 
based upon the translog function introduced by Christensen, Jorgenson 
and Lau (9 in 1975. 
The model structure developed by these authors was designed 
specifically to supersede the Cobb Douglas and C. E. S. , production 
functions used in earlier derivations of industrial demands for fuel 
inputs. That these functions did not allow the validity of their 
underlying assumptions to be assessed led Jorgenson and associates 
to invoke the modern theory of duality and replace the unobservable 
production functions with observable cost functions. 
From the conventional maximization of output (y) subject to a total 
cost constraint, C. = .. P, X., the theory instead minimizes costs, 
C, subject to the production function y=f (Xi), where X. are factor 
demands. Substituting the derived factor demand equation back 
into the cost function for C produces equation (2.1). Differentiating. 
this expression yields equation (2.2) which enables factor demands to 
be expressed as the derivatives of cost functions and independently 
from the unknown production function. 
C (F1ý P2ý Y) _ T--p1 X1* (2.1) 
___ = 
x(2.2) 
dpi 
Estimable relationships are obtained by assigning to the cost function 
Ca flexible functional form. Jorgenson adopts the approximation 
of the second order transcendental logarithmic form, equation (2.3). 
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Differentiating (2.3) as in (2.2) produces the familiar translog 
expenditure share equation, (2.4) which gives share as a function 
of production and input factor prices. Jorgenson's ("1 ) work on 
the residential sector analyses the main avenues of consumer 
expenditure in the United States. Pindyck (8) applies translog 
functions to consumers in nine countries, including the United States 
and Britain. 
2 log C= a0 + al logy + 2g logy + La log P. 
+ +b log P log +g logy log P. (2.3) 
3 log C= Xi Pi 
ölog pi ;: xi pi= a+ g 
log y +Zb log pi (2.4) 
Each study assumes consumer expenditure between durables (K), 
energy services (E) and other non-energy durables (N) is separable. 
Utility is first maximised between these expenditure avenues and 
further maximised in the Pindyck study within the energy category 
by choice between fuels. Both studies allow consumer preferences 
to vary with time through the expedient inclusion of a trend as an 
independent variable. Predictably this causes problems, although 
both Jorgenson and Pindyck put forward causal explanations for their 
respective negative income share elasticity and positive electricity 
cross-price elasticities. Each subsequently rejects the hypothesis 
of significant changes in consumer preferences. 
Both models are based upon share equations similar to (2.5). Utility 
from each commodity is represented by Pi /M, the price of i divided 
by total per capita expenditure. Time is denoted by t and per 
capita energy consumption by E. 
PE. E=aE+ PEKln(PK) + ? EE1n 
C PE 
1+ 
RENln ('. 
)+ 
ýEt' t 
MMM (25ý 
M cKM +ß 1n( 
pj)+ 
PME1n 
(PE 
ß1ln Ný + PMt. t 
_ý IV. MM 
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where dM = dK +a +0(, and pMJ 13 JP, 
J with P=K. E, N 
Budget constraints are applied across equations to retain the sum 
of commodity expenditures to the recorded total. Both models are 
estimated using Zellner efficient techniques. 
In common with the majority of other residential and commercial 
studies, no forecasts are made. Elasticities however are produced 
and are given in Tables 2.1. and 2.2. Those from Jorgenson 
relate only to energy's share in total consumer expenditure whilst 
those from the Pindyck study additionally deal with fuel choice. 
TABLE 2. I. 
Own Price & Cross Price Elasticities From Translog Models 
Author Own Price (E) Cross Price 
Jorgenson(7 ) -0.31 -0.45 -0.03 E on K, N 
0 N, KonE 
Pindyck (8) -1.05 -1.15 0.1 E on A, D 
0.3 ^v 0.8 E onF 
-0.2 'v -0.5 Eon T, R 
0.03, -j 0.1 A, D, Fon E 
' 
-0.03, %., -0.4 T, Ron E 
= durables, F= food, T= transport, R= other. *A= clothing, D 
TABLE 2.2. 
Partial Fuel Price Elasticities (Pindyck (8 ) 
(United Kingdom) 
Coal Liquid Gas Electricity 
Coal -0.99 -0.10* 0.71 -0.61* 
Liquid Fuels -0.36* -1.29 2.29 -1.64* 
Gas 0.43 0.41 -1.39 -0.46' 
Electricity -0.27* - -0.33* -0.19 
*Estimate carries sign conflicting with a priori reasonin 
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Elegance of approach in these models has not been achieved without 
serious cost. Other studies, with simpler specifications, have 
correctly embodied the dynamic nature of energy demands whereas 
both Jorgenson and Pindyck restrain their analyses within a static 
framework. Instantaneous adjustment of ex ante to ex post demands 
is assumed throughout and durables are treated as if no different 
from consumer goods. The fundamental relationships between energy 
demand and a stock of durables are nowhere explicitly recognised. 
Waverman (10), in identifying similar objections to the translog form, 
declares that the simulation is just not good enough. 
Before proceeding, a convenient point emerges to introduce the 
domestic section of the Birmingham energy model (11). * Although not 
developed in the Jorgenson tradition, the model does belong to this 
group of studies which have all attempted estimation of equations 
rigorously derived from economic theory. Instead of a translog utility 
function, p. the Birmingham energy model chooses a 
linear demand 
system having a symmetrical negative definite matrix of price effects. 
The model considers U. K. residential demands of gas, electricity and 
oil. Coal demand is treated exogenously. 
Unfortunately, the estimations failed to produce meaningful. -results 
and the authors instead introduced coefficients directly into the demand 
system to obtain a satisfactory forecasting model. Although the 
imputed coefficients were not randomly picked,.. biit drew upon the work 
of other authors, results of the study cannot be interpreted as inde- 
pendent estimation of demand parameters. The model's salient 
feature; its inability to derive meaningful coefficients from a 
specification explicitly derived from economic theory, shares much in 
common with the translog models and further questions the appropriate- 
ness of the theories employed or their mathematical representation. 
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2.3 Static 'ad hoc' models 
Residential and commercial demands for energy are each derived 
demands. Energy is not consumed for its intrinsic qualities but 
rather for its provision of one or more of three basic services; 
heat, light and power. Consumption of these services is therefore 
fundamentally related to the stock of capital goods able to transform 
fuel input into a desired service. Energy demand, in common with 
other home consumed commodities and services which require some 
degree of processing before consumption, can be divided into distinct 
short run and long run components. Within a short time interval 
consumers' stocks of appliances may remain relatively stable, there- 
fore placing an upper constraint on their ability to consume services 
derived from energy use. Studies conducted within such short time 
intervals can legitimately focus upon consumers' utilisation of their 
existing appliance stock. Extending the interval eventually invalidates 
this assumption and studies conducted over longer time intervals must 
explicitly account for variations in consumers' appliance stocks. To 
the extent that long run elasticities tend to be larger in magnitude than 
short run elasticities, ignoring this variability will lead to an over- 
statement of all parameter estimates during a period of rising consumer 
wealth. 
Somewhat surprisingly a number of studies have ignored this funda- 
mental dimension of the problem. Authors have instead been con- 
cerned with finer specification details within the utilisation component 
of demand. Arguments over the relative merits of average and 
marginal prices abound and some models, notably those of Halvorsen 
(12), Nelson (13), Bloch (14) and others, mysteriously claim 
to produce long run elasticities from specifications which are 
questionable. Taylor (15), in his review of residential studies 
instigated much of the price debate. Denouncing the use of both 
average and marginal prices by themselves, he maintained that 
specifications should include a full mathematical description of the 
position and shape of tariff structures. 
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This view has been recognised as unrealistic by the majority of 
authors. Only Kerry Smith (16) has attempted the direct inclusion 
in a demand equation of prices for each block of consumption. His 
electricity demand equation for residential consumers in the U. S. 
equation (2.6), takes the form below. 
Y= Zb = Pc +u (2.6) 
where Y is a vector of electricity consumption 
Z is a matrix of socioeconomic variables 
P is a price matrix relating to individual consumption blocks. 
Kerry Smith concluded that the alternative specification replacing the 
full price structure, Pc, with an average price approximation 
provided a reasonable approximation to the demand structure. 
He consequently inferred that it may not be necessary to construct 
estimates of relevant marginal and intra-marginal expenditures as 
suggested by Taylor. Econometric repudiation of this assertion is 
preceded in other works by economic rejection. Credit payments up 
to three months in arrears dilute consumers' awareness of price. 
In studies where the problem has been acknowledged the argument 
is usually reduced to the choice of a relevant measure to reflect 
consumers' perception of price. Some authors, such as Wilson (17) 
have assumed only a minimum degree of information perception and 
have explored the use of 'typical bill' variables in place of both 
average and marginal prices. Although the typical bill variable 
performed well econometrically, economic criteria question its 
inclusion in a single equation model since the variable is compounded 
from price and quantity. Early in his gas demand study, 
Balestra (6) notes the estimation bias likely to result from regressing 
one variable onto another variable which contains the first. 
Halvorsen's (12) U. S. study of residential electricity consumption 
uses marginal prices in the specification but average price in the 
estimation after showing the equivalence of their elasticities when 
the demand equation is expressed in log-linear form. 
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Identification is achieved through an explicit price equation which 
expresses marginal prices in terms of sales per consumer and the 
utility's supply costs, equation (2.7). Exogenous variables not 
appearing in the demand equation are represented by Z and v is 
a stochastic disturbance term. Re-writing Halvorsen's average 
price equation (2.8) in terms of marginal prices using the identity 
(2.9) ;- demonstrates the equivalence of average and marginal price 
elasticities, equations (2.10) and (2.11). Only the constant term 
is affected by the use of marginal prices. The remainder of the 
equation remains unchanged from the average price demand equation. 
Other authors have not explicityly accounted for the partial endogeneity 
of price but like Wilson (17 ) have noted the identification problem 
that this simplification introduces. 
mm (0, Z, v) (2.7) 
b i=m d Pý = cQ. 7T Z, iv (2.8) 
2=1 3 
q=Q 
PQ mdQ (2.9) 
q= o 
i=m 
hi 
Q=f P9 
a. 
TTW. U 
(2.10) 
=1 
i=m 
hi 
Q=f1 9% p9 b TT W. 
u (2.11) 
(1; 7b) m i=1 1 
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In his cross-sectional analysis of U. S. , residential gas demand 
Bloch (14), on the other hand, makes the assumption that each house- 
hold is a price taker and the demand function is therefore identified. 
Only when fuels are sold at a single rate will this assertion hold. 
In all other cases, even when fäcing an exogenous tariff structure, 
the assumption of consumers acting as price takers will not produce 
unbiassed demand estimates. 
Consider the effects of dranging income in Diagram 2.1. With a 
constant price, an increase in income from the original equilibrium 
position (1) produces a second equilibrium position at (2). A similar 
increase in income from this position would lead to a third equilibrium 
at (3). Although the price elasticities at (2) and (3) have changed with 
income and are lower than the original at (1), the income response 
identified does not incorporate any price induced bias. 
DIAGRAM 2.1 
Price 
Quantity 
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This is not the case if instead of a single price, consumers are 
faced with a tariff structure. Similar increases in income from 
the original equilibrium position (1) now lead to new equilibria at 
(4) and (5) respectively. Despite the fact that consumers are price 
takers, price induced demand movement resulting from the declining 
tariff, interlinks price and income effects and prevents their separate 
identification. Removing the pure income effect from the equilibria 
(4) and (5) no longer restores demand to the original position (1). 
Instead demand moves to positions (4') and (5') indicating that some 
effect other than income has dislodged consumers from their original 
equilibrium at (1). Identification of unbiassed demand parameters 
therefore requires that. a second equation be introduced into the model 
to represent explicitly this associated movement. Only with this 
restoration of the ceteris paribus condition can the demand curve be 
identified. 
The approach adopted by Bloch (14) and others which asserts the 
sufficiency of the single equation model is restrictive and one cannot 
expect that such studies have derived unbiassed elasticities. 
Halvorsen's study on the other hand, permits movement of consumers 
through a tariff structure in accordance with their consumption levels. 
Price-demand association is explicitly represented in a price equation, 
number (2.12) given below. 
Nm=bo+b1Q+b2L+b3K+b4F+b5R+b6T+v (2.12) 
where, Nm = nominal marginal price of electricity 
Q= average sales per consumer 
T= time 
L, K, F, R= physical supply variables governing the 
shape of the tariff structure. 
Bloch's (14) treatment is therefore over-simplified, a view reinforced 
implicitly in Nelson's (13) cross sectional space heating demand 
study which pursued Halvorsen's- treatment of price in the demand 
equation but did not explicitly model price. Nelson, like Wilson (17) 
recognises the consequent identification problem that this may induce. 
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The studies by Hirst (18) and Chern (19) of energy use in the 
U. S. commercial sector and the combined residential and commercial 
sectors respectively, both use average prices without any reference to 
either the marginal versus average price debate or the endogeneity of 
price in the demand equation. The study by Hirst uses a simple 
linear specification to analyse density of energy use and nominal 
energy use in a cross-section of institutional buildings. Chern first 
describes aggregate fuel demand over a combined residential and 
commercial sample and then disaggregates fuels using linear share 
equations. 
Of all of these broadly similar studies only Halvorsen's attempts to 
introduce any dynamic behaviour into demand estimation. A series 
of arbitrary Pascal lags, inverted V structures and moving average 
regressions are estimated for one cross-section of his pooled sample 
to pay lipservice to what is an intrinsic characteristic of both the 
short and long term components of energy demand. No firm con- 
clusions are drawn from these limited experiments. 
In common with Jorgenson's and Pindyck's translog approach, the 
ad hoc specifications of Nelson (13), Bloch (14), Wilson (17), 
Hirst (18) and Chern (19) put forward models which are static. 
None of the models, including Halvorsen's (12) explicitly account for 
consumers' stocks of durables. Both Waverman (10) and Taylor (15) 
acknowledge that this is clearly incorrect. The most useful 
function of all of these studies has been to highlight the debate 
over prices. Consumers are invariably faced with some price 
latitude because of declining block tariff structures. Some respect 
for the (at least) partially endogenous nature of price is therefore 
essential. Overall however, the debate can only be resolved 
through an honest appeal to consumers' perception of price information. 
A less notable feature of this group of studies is their ability to 
derive an inordinate range of elasticities from specifications 
which share the basic 
form of equations (2.13) and (2.14). These 
elasticities are shown 
in Tables 2.3.1 2.4. , and 2. S. 
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Y= ao + al Xl + a2X2 + a3X3 + a4X4 +e (2.13) 
or, Y= AX1 
cl. 
x2 
C2 
X3 
c3 
X4 
C 
(2.14) 
TABLE 2.3 
Chern (19) Combined Residential and Commercial Price and 
Income Elasticities For the United States 
Price 
Elec. Nat. Gas Pet. Prods. Income 
Electricity -1.40 0.01 0.17 0.91 
Natural Gas 0.84 -1.51 0.44 0.73 
Petroleum Prods. 0.34 0.77 -1.40 -0.36* 
* Estimate carries sign conf licting with a priori reasoning 
TABLE 2.4 
Hirst Commercial Sector Price Elasticities or 
The United States 
Fossil Fuels Electricity 
Fossil Fuel Use -0.28 0.11 
Electricity Use - -1.05 
Total Energy -0.18 -0.32 
TABLE 2.5 
Other Residential Studies. ( Long Run Elasticities) 
All Studies Electricity Electricity 
relate to U. S. Own Price Cross Price 
Income 
Halvorsen (12) -1.00 -1.21. 0.04 0.08 0.47 0.54 
Nelson (13) -0.19 -0.28 0.504 0.509 -0.158 0.267 
Bloch (14) -0.583 -0.666 not considered' - 
-0.249 -0.260* not considered - 
Kerry Smith(16) -0.76 -0.84 0.97 1.10 , - 
*equation incorporates a trend to account for increased consumer 
awareness of prices. 
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Surprisingly, the Domestic Sector model of the U. K. Department 
of Energy_ (20) falls into this category of static models. It does 
at least seek to take rudimentary account of consumers' appliance 
stocks through the introduction of central heating levels but beyond 
this the specification seems very weak. Demand is not disaggre- 
gated across fuels, central heating ownership is regarded as 
exogenous, other physical demand determinants are not recognised 
and the model makes no reference to economic variables other than 
total household expenditure. In essence it is incorrect to call it an 
economic model. After dropping one variable from the initial 
specification because of multicollinearity the estimated model 
derives the coefficients given in equation (2.15). 
UHH = 192.88 + 152.77CH + 104.62CEXHH (2.15) 
HH 
(3.47)' (3.26) (2.72) (t-statistics) 
R2 = 0.925 D. W. = 1.91 
where UHH = average useful energy consumption per 
household. 
CH/HH = proportion of households with central 
heating. 
CEXHH = total household expenditure. 
All of the studies dealt with in this broadly similar group have 
specification shortcomings in at least one of two basic areas; 
a dynamic framework and explicit recognition of the derived nature 
of residential and commercial energy demand. Prior to considering 
a selection of models which have developed more realistic 
simulations in their specifications it is worth considering briefly 
a series of electricity by 'time of day' demand models. They 
provide useful insight to modelling at the finest levels of dis- 
aggregation and offer guidance to future research on both prices 
and worthwhile levels of disaggregation. 
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2.4 'Time of Day' Electricity Demand Studies 
A particular group of American models has taken the investigation 
of price effects to its empirical extreme. Between 1975 and 1976 
the U. S. Federal Energy Administration, in a bid to stabilise 
residential load curves and reduce utilities' peak generation costs, 
allocated funds for field experiments of residential time-of-day 
electricity price tariffs. Data collected from these trials has been 
analysed independently in a number of studies. Those by 
Atkinson (21), Lawrence and Braithwait (22), Taylor (23) and 
Granger et al (24) are representative. 
Each study attempted to estimate both a series of own price 
elasticities for electricity consumption within particular tariff bands, 
and also the cross price elasticities between different price bands, 
the later to estimate the potential for load movement between peak 
and off-peak times. Recurring throughout the studies is again. a 
non uniformity of approach and a wide diversity of results. 
Final conclusions are in some cases contradictory between studies. 
In two of the time-of-day studies, attempts were made to develop 
the model structure from a rigorous economic base. Atkinson draws 
heavily upon the indirect transcendental logarithmic function 
developed by Christensen, Jorgenson and Lau (9). Lawrence and 
Braithwait develop their demand equations from the linear 
expenditure system first estimated by Stone (25) in 1954. The 
remaining two studies simulate utility maximization through ad hoc 
specifications. Reference in each case is made to elementary consumer 
demand theory. 
There are just a few common features shared by all four studies. 
Separability is assumed in each piece of work, that is electricity 
consumed at different times through the day is regarded as different 
commodities. Consumers are therefore faced with a range of 
differently priced services from which to maximize their utility. 
Taylor (23) realistically argues that within short time intervals 
consumer appliance use is essentially random. All four studies con- 
clude that the time-of-day pricing induced only weak load movements. 
53 
The necessary assumption of separability may therefore be too 
strong for the present modes of analysis. Taking an honest lead, 
Atkinson and Taylor both argue that as a consequent of the short 
sample period the substitution results are predictable. Full 
adjustment to 'time of day' tariff structures would only be achieved 
after a considerable gestation period during which consumers re- 
arrange their patterns of appliance use, many of which are inter- 
linked with lifestyle patterns. 
The second common thread through each work is the exogenous 
treatment of appliance stocks. Although the derived nature of 
electricity demand is in each study explicitly recognised, the close 
temporal spacing of observations (within sample periods of months 
rather than years) leads legitimately to the assumption of fixed durable 
stocks. However, to constrain households' ability to consume 
services provided by electricity, a measure of appliance load is 
included in each model. Significantly the two studies with elaborate 
economic specifications did not find appliance stocks to be important. 
This may be attributed partly to their emphasis on the price 
mechanism and in the case of Atkinson the questionable inclusion of 
both appliance stocks and lagged consumption in the specification. 
Schematically, the estimated functions from Atkinson's (21) study, 
the most complex, and Granger et al (24), the simplest, are given 
in equations (2.16) and (2.17). 
Eß 
"" 
In (1''"°`) Z' In (Z ) 
w" _i+i, 
ý j+ bi k (2.16) 
1 L0 1 +L. 
ýEP 
ij 
In (Pý) +L 
Z lki In (Z 
k) 
where i= peak, mid-peak and off-peak 
=X. p. +E. yl 111 (2.17) 
Atkinson's equation (2.16), gives the share wi of total expenditure on 
electricity occurring during period i. Pi is the price of electricity 
in period i relative to total expenditure on electricity, Z represents 
other non-energy indexed prices. The equations were estimated using 
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Zellner efficient techniques. The Granger et al equation, (2.17), 
of more familiar form, was estimated by ordinary least squares. 
Hourly consumption of electricity by household i, (yi) is related 
to a set of economic and physical determinants, (Xi), and a 
stochastic term. Sets of broadly comparable price elasticities 
for all four 'time of day' studies are given in Table 2.6. 
TABLE 2.6 
Estimated, Elasticities 
Study Tariff Own Price Cross Price 
Atkinson (2-1) Off-peak « -0.2 -0,3 .' -0.4 
Normal ný -0.7 -0.1 ný -0.2 
Peak n. -0.6 -0.1 rv -0.3 
Granger et al (24) none produced 
Lawrence and ) Off-peak -0.1 n. -0.3 G 0.1 
Braithwait (22) Normal -0.2 ý" -0.4 4 0.1 
Peak -0.1 ti -0.3 . 0.1 
Taylor (23) none produced 
The wide divergence of results on own price elasticities and the 
conflicting conclusions on cross price elasticities from this 
pioneering group of studies dilute considerably the potential 
for further analysis at such disaggregated levels. Failure to 
arrive at consensus views may be attributable partly to analysis 
within a largely economic framework. Physical constraints and 
sociological patterns of behaviour largely govern the way we live 
over short periods of time. If analyses at such disaggregated 
levels are to be pursued in the future, then a basic requirement 
will be to allow for the predominance of physical and social' 
factors in the system over the short term. 
Salvation from the host of different demand specifications 
prevalent in conventional models has not been found through 
an appeal in time-of-day studies to individual behaviour 
patterns. The - seemingly intractable dilemma of 
specification is partially resolved in dynamic models although no 
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single model as yet satisfies fully all the criteria which have 
emerged from this review. 
2.5. Dynamic Models 
Dynamic behaviour has been introduced into models of the residential 
and commercial sectors in a variety of ways and for two different 
purposes. Most commonly the static demand framework has been 
relaxed to incorporate consumers' expectations. Less frequently, 
the reason has been to lift- directly the restrictive assumption of fixed 
appliance stocks. No study has both explicitly modelled appliance 
stocks and also introduced expectations into demand patterns. 
One of the first attempts at introducing dynamic behaviour was under- 
taken by Balestra (6) in his pioneering study of U. S. residential 
gas demand. By imputing ar hypothetical split in demand between 
fixed and variable components, Balestra developed an indirect 
simulation of the short and long run components of demand. Only the 
variable component of demand, for which appliances have to be 
purchased in the current period, is held to be responsive to economic 
influences. Remaining fixed consumption is tied to an existing stock 
of appliances. This habitual consumption is therefore assumed to be 
inflexible. Mathematically, Balestra's dynamic model is derived 
by substituting equations (2.18), (2.19) and (2.20) into equation 
(2.21) to yield equation (2.22). 
Litt =G- (1-rý) G 
-1 
(2.18) 
AFt = Ft - (1-r) Ft-1 (2.19) 
AGt = ao + al gt + L, Ft (2.20) 
AFt=bo+ýYt+hzN (2.21) 
Gt =0+ c1Pýt + c2, QYt + c3 Nt + c4Yt-1 + c5Nt-1 + öGt-1 (2.22) 
where, Gt = per capita gas consumption 
Ft = per capita consumption of all fuels 
Pgt = relative price of gas to other fuels 
Yt = per capita income 
Nt = population 
g= depreciation rate of gas appliances 
r= depreciation rate of all fuel appliances 56 
Although instrumental in promoting both the use of dynamic 
models and the separation of short and long run components 
of demand, Balestra's study does not explicitly model 
utilisation rates and the ownership of appliances. The theoretical 
elaboration of Balestra's original static specification is partially 
lost in the reduced form estimation of the dynamic model. 
Separate short run and long run components of demand cannot 
therefore be identified. 
In a development upon Balestra's work, Lebanon (26) partly 
overcomes this problem. However, Lebanon's model specification 
introduces dynamic behaviour only through the introduction of a time 
trend in coefficients to embody the notion of growing consumer 
appliance stocks and therefore greater habitual consumption. 
Lebanon's demand equations, of which equations (2.23) and (2.24) 
are a general form, break down the total expenditure by consumers 
on a fuel K. into necessary and supernumerary components. 
pK XK . pK + pK m-j3K ýr. j pý-ýK ZS 
+ uK, k= 1. .... ,K (2.23) 
zs =b, s+ pm - Pz ; XjPj - 13zWz s+ uz (2.24) 
where, x=K quantity of 
fuel K consumed by households 
pK = price of fuel K 
z= household consumption of non fuel commodities 
s= price of non-energy commodities 
m= household income 
KK = minimum quantity of fuel K purchased 
FK= proportion of supernumerary expenditure spent 
on fuel K. 
Values for 'K and pK, the 
habitual consumption level and the 
proportion of supernumerary 
expenditure given to fuel K, are 
derived by an iterative, procedure which commences with an 
initial guess at 13K" 
Lebanon's final breakdown of necessary 
consumption and share 
of supernumerary expenditure are given 
in Table 2.7. The table entries are each averages across the 
OECD group of countries; 
standard errors are given in parenthesis. 
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TABLE 2.7. 
Supernumerary and Necessary Fuel Expenditures, 
Lebanon (4) Study For OECD Countries 
Coal Oil Gasoline Gas Commodities 
Coefficients 0.021 . 0.014 0.064 0.024 0.877 (0.001) (0.001) (0.001) (0.001) (0.003) 
Coefficients 7.722 5.152 1.007 0.624 541.833 
(1.662) (1.046) (0.609) (0.233) (32.943) 
Despite an explicit separation of the demand components which Balestra 
referred to as fixed and variable, Lebanon's work stops at their 
identification. Although an inspired method of retaining the identity 
of the separate components, albeit within a simplified dynamic frame- 
work, Lebanon's model penetrates no closer to estimating the 
structural coefficients of these short and long run demand components 
than do either Balestra's study or the static models. Other authors 
have not developed Lebanon's approach but have instead concentrated 
upon the implicit separation of short and long run components within 
conventional adjustment models and the further pursuit of favoured 
arguments raised in static demand studies. 
In particular, the debate over prices continues in dynamic models. 
However, only the work by Ruffel (26) moves beyond a single equation 
model. For a conceptually complete study of residential and 
commercial sectors ... all 
three problem areas; of separating short 
and long run behaviour, of describing the build up of appliance stocks 
and of introducing consumers' expectations, will have to be considered 
explicitly. 
That such a study has not yet emerged is largely the result of 
inadequate data. Recorded ownership levels and patterns of consumer 
`utilisation are only now becoxning available for electricity. 
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In many cases complementary data for other fuels simply does not 
exist. Moreover, interpretation of this additonal data is 
thwarted by transformation losses which affect both consumption 
l 
and price data. 
Specifications therefore pursue indirect methods of introducing 
dynamic behaviour. Empirically troublesome variables such as 
consumers' expectations are substituted out of reduced forms and 
the resulting demand equations resemble simple static forms with 
lagged consumption added to the end. The works by Uri (27) (28), 
Parhizgari and Davis (29), Murray et al (30) and Baughman and 
Joskow (31) are typical. A more general adjustment mechanism 
explored by Berndt and Watkins (. 32) arrives at the same reduced 
form but from a starting position pioneered by Balestra and Nerlove 
(33). The dynamic linear expenditure system estimated by 
Houthakker and Taylor (34) uses state adjustment and flow 
adjustment specifications to simulate U. S. consumers' expenditure. 
Equations for gas and electricity share a similar form to 
non-energy avenues of consumer expenditure and the estimated 
equations, of which (2.25) for electricity and (2.26) for gas are 
typical, have much in common with the works by Uri, Parhizgari 
and Davis, Murray et al, Baughman and Joskow and Berndt and 
Watkins. 
1. See footnote 1 page 1 
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Houthakker and Taylor (34) 
State Adjustment Model for Electricity 
(t-statistics in parenthesis) 
qt = 3.714 + 0.873gt-1 + 0.00328x t-0.0504pt 
(1.32) (18.56) (2.34) (2.02) 
R2 = 0.999 Durbin-Watson statistic = 2.22 
Houthakker and Taylor (34) 
Flow Adjustment Model for Gas 
qt . 1.808 + 0.898gt + 
-1 
(4.73) (28.16) 
0.00114(xt + xt-1) 
(4.75) 
R2 = 0.997 Durbin-Watson statistic = 1.77 
where., qt = per capita expenditure 
xt = total per capita expenditure 
pt = relative price 
(2.25) 
(2.26) 
Unfortunately the inclusion as an explanatory variable of a lagged 
dependent variable often induces severe collinearity. This leads 
both to an unreliable estimate of the adjustment coefficient and 
erroneous parameter estimates of other regressors. The group 
of studies listed, which share flow and state adjustment approaches, 
between them encompass adjustment periods ranging from one year 
(29) (32), to thirteen years (31). As a consequence of the 
varying level of importance assumed by the lagged dependent 
variable, price and income elasticities predictably show considerable 
dispersion. This is heightened in the comparison of long run 
parameters which are derived through amendments to the short run 
elasticities using the estimated adjustment coefficient. These 
comparisons are made in Table 2.8. 
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TABLE 2.8. 
Short and Long Run Elasticities (Various Studies) 
Short Run Long Run 
Study R, C4 Price Income Price Income K5 
Baughman (31) 1 R, -C -0.13 0.10 -0.80 0.62 0.16 
Uri (27) 2 R -0.21 0.04 -1.15 0.22 0.82 
C -0.19 0.03 -1.28 0.16 0.85 
Parhizgari (24 2 R -0.15 0.71 -0.15 0.71 1 
Berndt (32) 3 R, C -0.20 0.03 -0.69 0.13 0.90 
All Fuels. 
2Electricity. 3Gas 
R= Residential. C= Commercial 
5K 
= Adjustment Coefficient. 
Each of the studies in Table 2.8 employs an adjustment mechanism 
similar to equation (2.27). The asterisk denotes ex ante or desired 
demand. 
Q- Qit-1 K(Qit - Qit-1) (2.27) 
Substitution of this relationship into the structural form, (2.28), 
yields an ex post demand equation, (2.29), which features lagged 
consumption as an independent variable. 
Qt= f(Yit, Zit, Pit, et) (2.28) 
it = 
boK. + b1KPit + b2KYit + b3KZit + (1-K) Qit-1 + Ke 
t 
(2.29) 
The particular adjustment process illustrated is drawn from the 
Baughman and Joskow study which is unusual in that it first considers 
aggregate residential energy demand and then disaggregates across 
fuels using a multinomial logit split. The remaining three studies 
are single equation models. 
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Similar to Baughman and Jaskow, Parhizgari and Davis 
confine operation of the adjustment mechanism to the dependent 
variable. Uri on the other hand concentrates solely upon the role 
of expected prices. In a generalisation Berndt and Watkins, in 
their Canadian gas study, consider the transient component of 
each independent variable. In so doing, however, they 
unrealistically apply the same adjustment coefficient to variables 
as dissimilar as housing stocks and income. 
The residential model produced by Murray et al (30), which 
specifically sets out to remedy the specification shortcomings 
listed by Taylor (15), sits halfway between the previous set of 
flow adjustment models and simulation approach developed by 
Betancourt (35) and Ruffel (26). Sadly, from a most promising 
specification the estimations produced only disappointing and 
inconclusive results. Data limitations forced the authors to 
retreat from their equality describing electricity demand as the 
product of installed load and utilisation rates back to a partial 
adjustment model of changing appliance stocks. The reduced 
form therefore shares much in common with the other partial 
adjustment models. Nevertheless, ' the Murray study does recognise 
the intrinsic differences between residential and commercial energy 
demands and a distributed lag specification, equation (2.30), is 
specified to reflect more appropriately the main threads of 
commercial demand. 
LogQt =Z ci Vit + dl LogQt_1 + d2LogQt_12 (2.30) 
Both physical and economic variables are included within the 
summation over V. Consumption lagged by one month attempts to 
trace short run lags in response whilst the twelve month lag attempts 
to capture the dynamic adjustment of capital stocks. 
As already mentioned, only Betancourt and Ruffel have specified 
and treated separately the short and long run components of residential 
energy demand. Only Ruff el avoids the use of a proxy for 
appliance stocks. His basic demand equation (2.31) 
62 
sums over four main appliances the product of installed load and 
a utilisation rate assumed to depend upon a series of variables X. 
Yt =a Zat (j ciatX. +e t 
The partial endogeneity of price appearing in the demand equation 
is recognised and average price is described in a ZSLS estimation 
with reference to the prices of marginal blocks. Regrettably 
(2.31) 
however, appliance ownership levels are still regarded as exogenous 
and no appreciation of expectations is demonstrated. 
Betancourt on the other hand, is forced to introduce the number of 
residential electricity consumers in what is a tenuous approximation 
for installed appliance load. His specification is basically similar 
to Ruffel's and investigates alternative inter -relationships between 
price and other determinants of demand. Again no consideration is 
given to the problem -of expectations. Estimated elasticities from 
hese three dynamic model are given in Table 2.9. 
TABLE 2.9 
Short and Long Run Elasticities of Electricity Demand 
Short Run Long Run 
Study R, C1 Price Income Price Income 
Ruff el (26) R -0.172 0.453 
Betancourt (35) R - -0.14 - - - 
Murray et al (30) R -0.60 0.69 -1.01 0.60 
C -0.04 - -0.08 0.02 -0.47 -. - -0.71 0.70 
1R 
= Residential C= Commercial 
2Reduced 
form estimation 
3Expenditure 
elasticity 
4Average 
for peak price elasticities, normal conditions. 
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2.6. Conclusions 
Throughout this review models have been grouped according to 
their broad similarities of approach. Each 'group has its relative 
merits., and each group suffers from a number of shortcomings. 
That most model specifications have not been derived from economic 
theory is not an important deficiency. A selection of authors, 
notably Jorgenson, Pindyck, Atkinson and the team responsible for 
the Birmingham energy model, have all tried, but their results 
have not shown any advantages over simpler ad hoc specifications. 
Moreover the basic requirement of a dynamic framework has yet 
to be incorporated. into these specifications. 
Other residential and commercial sector models fall naturally 
into distinct categories. Static models focus largely upon the 
utilisation component of demand and ignore the variability of 
consumers' appliance stocks. The reduced forms of the flow adjust- 
ment models do likewise. Only Berndt and Watkins relax the 
assumption of fixed stocks. Their treatment of fixed and variable 
demand draws heavily upon previous work by Balestra ( 6). 
Lebanon ( 4) and others. 
The principal concern of this group of studies is to identify the 
adjustment process which consumers work through when reacting 
to short run stimuli. Splitting reactions into permanent and 
transient components permits inferences to be made about long run 
behaviour without the need for explicit long run analysis. Empirical 
results from the flow adjustment models are conflicting, but more 
importantly their specifications are conceptually difficult. 
It is questionable whether the variables which determine consumers, 
utilisation of their appliance stock will be the same as those which 
determine their acquisition of various white durables. Moreover 
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the building of appliance stocks is an inherently non-linear 
process, as Bossert (36) and Marris (37) have independently 
noted. It is unrealistic therefore to express long run behaviour 
as simply a multiple of observed short run behaviour. Ruffel (26) 
has in any case suggested that the two may not be separable without 
imparting bias to estimated coefficients. 
Until radically improved data bases are available it is difficult 
to see how analysis can be improved. Only the final study in this 
review was able partially to overcome these difficulties and make 
some limited substitution for appliance stocks. Other studies 
have been forced to use proxy variables or have circumvented 
the problem altogether. Most, however, make reference to the 
simulation approach which suggests that it will feature more 
prominently in future work. Time and improved data will tell. 
During the course of this review there has in fact been produced 
a list of specification requirements that an acceptable study of 
residential and commercial markets would incorporate. 
Firstly, domestic and commercial markets must be separated to 
reflect their intrinsic differences. Each must be analysed within 
a dynamic framework. Equally important is that a clear distinction 
must be made between short and long run demands. Consumers' 
utilisation of their appliance stock and their acquisition of durables 
are worthy of separate analysis. Specifications within both 
components could legitimately use flow adjustment approaches to 
introduce expectations. Much of the literature surveyed is engrossed 
in debate over the correct treatment of prices. Whilst the position 
of a tariff structure may be argued to be exogenous, consumers' 
position within the structure is clearly endogenous and this requires a 
separate price equation to be included in the model. Finally and 
perhaps most difficult of all, the system must be recognised as 
non-linear. 
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Tables 2.10., and 2.11.: make broad comparisons amongst the static 
and dynamic studies that have been reviewed, with the exception 
of the work by Balestra (6) . The large number of equations 
explored by Balestra precludes choosing one set of results as 
being representative of the whole study. 
An earlier draft of this literature review has appeared as part 
of an article in 'Energia' (38). 
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CHAPTER THREE 
THE RESIDENTIAL DEMAND FOR POWER 
3.1. This section will consider the residential demand for power, 
that is electrical power which households consume to drive appliances. 
These are the premium uses of electricity where its inherent 
characteristics make it preferred to any of its competitors. 
L. Brookes @9) of the Atomic Energy Authority has summarised 
these characteristics under five headings: 
1. High thermodynamic quality. There is almost no energy 
'transaction' that cannot be achieved electrically. 
2. Versatility. This is one facet of electricity's high thermo- 
dynamic quality. 
3. Convenience and ubiquity. Electricity provides energy 
on tap combined with convenience in a way that no other 
source can match. Even when the user is cut off from the 
centralised sources of electricity supply, (as he is in a motor 
car, aeroplane or ship), he still continues to prefer and to 
receive some of his energy supply in the form of electricity. 
4. Very low "inertia". By this is meant that the response of 
electricity based systems, whether of heating or motive 
power, is virtually immediate. 
5. Very high controllability - as regards level, time and place. 
(Some of the other factors have a bearing on this). 
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A possible starting point for this analysis is to treat residential 
power consumption within the adjustment mechanisms developed 
in previous studies of residential energy demand, ( (29) and (30) 
for example). Consumption during previous years could then be 
interpreted as adjustment towards a saturation level at which all 
domestic work would be performed by electrical appliances. 
The introduction of new appliances would, however, raise the 
utility saturation level, particularly when the innovative appliance 
increased domestic leisure. 
As households' stocks of electrical appliances have increased, 
so has evolved a dependence on the services obtained from 
these appliances. This has been noted by Marris (37), 
Galbraith (40), Bossert (36) and others. Reactions to stimuli, 
both economic and physical, will therefore be non-linear and 
the domain of the simple adjustment mechanisms will consequently 
prove inadequate. Social change, here manifest through the 
process of material advance, requires that the analysis 
is 
conducted within a more flexible framework capable of accommo- 
dating the evolution of households' demand patterns. 
Nowhere is the evolution of demand patterns more discernible 
than in the industrial sectors of economies where competetive 
market conditions bring about a continuing drive for higher 
efficiencies. The course of industrial development may be 
adequately traced by a catalogue of process mechanisation 
and automation punctuated by the introductions of new technologies. 
In other sectors of the economy where competitive relationships 
are less pronounced, the rate of change appears to be attenuated. 
This is true of the residential sector. 
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In part, the evolution of material wealth can be related to the 
competitive atmospheres of industrial sectors. Stimulated 
by the possibility of securing some market advantage, innovative 
companies have introduced new consumer durables, 
the freezer, dishwasher, tumble dryer and micro-wave oven 
for example, which have either developed an existing market 
supplied by inferior durables or created a new market which 
had previously not existed. 
All of the appliances available to households have had the effect 
of increasing the total level of utility available to consumers, 
either by reducing the amount of labour required within the home, 
by making the home more comfortable or by providing more 
enjoyable home entertainment. Pyatt (41) suggests that some 
appliances are more positively desired than others and that 
households consequently order their acquisitions according to 
preferences. In a dynamic approach centred on exante adjustment 
of durable stocks, his analysis recognises that preference orderings 
are dependent upon consumers' existing appliance stocks. The 
method constrains adjustment under limited purchasing ability 
and derives a preference table showing the relative attractiveness 
of each durable under the assumption of constant tastes. 
Penetration rates are described by variables to reflect households' 
incomes, their wealth and the price of appliances. Derived 
coefficients are used to estimate potential markets remaining 
for each appliance. The work draws on a previous study by 
Cramer (42). Despite limitations of a probalistic specification 
and reliance upon market research data, Pyatt's analysis 
marks a corner stone in the study of consumer durable demand. 
Its recognition of changing consumer preferences can be extended 
and summarised 
in Diagrams 3.1. , and 3.2. 
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DIAGRAM 3.1 
( Linear Axes) 
Price A 
new product 
1ý B 
increasing product at 
50% saturation 
utility 
Quantity 
DIAGRAM 3.2 
(Linear Axes) 
Income I 
B 
new product 
product at 50% saturation 
increasing 
total utilit' 
Quantity 
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Both diagrams infer that appliances come to be regarded 
more as necessities as their ownership extends. It could 
therefore be argued that price and income elasticities tend 
to decline as more widespread penetration of the appliance 
increases total utility. As the durable in question appears 
to assume a changing role over time conventional linear 
regression analysis is unlikely to uncover the slopes of 
each pair of lines in Diagram 3.1. , and 3.2. , but rather 
some biassed time average reflecting movement from 
(say) position A to position B. 
The hypothesis proposed is that durables demand has an 
important sociological dimension. Duesenberry's (43) 
demonstration effect and Marris' (37) 'pioneers and sheep' 
hypothesis recognise this phenomenon. Their arguments 
suggest that there will always be a few consumers willing 
to purchase a new and untested product. Thereafter demand 
is stimulated by 'interpersonal want creation' and more 
cautious consumers enter the market. These ideas can 
be translated into the simple model set out in equations (3.1), 
(3.2), (3.3), and (3.4). Equation (3.1) equates total household 
utility, Ut, to a summation of component utilities, ui, which 
households derive from particular material possessions and 
services. Each component utility can be expressed as a product 
of consumers' appliance stocks and their average rate of 
utilisation. Stocks in turn can be split into existing stocks 
and replacement and new demand, and the latter can be expressed 
in terms of price and income elasticities. 
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Ut = 
zu 
i 
(3.1) 
i it 
uit Sit rit (3.2) 
Sit = (1-dit) Sit-1 + Dit (3.3) 
Dit = a0 + a1 Pit + a2 Yt + eit (3.4) 
ak = fk (ui) i=0,1,2 (3.5) 
where Ut = total household utility. 
uit = utility derived from appliance i per household. 
Sit = stocks of appliance i per household. 
rit = utilisation rate of appliance i. 
dit = rate of depreciation of appliance i. 
Dit = replacement and new demand for appliance 
i per household during t. 
pit = price of appliance i. 
Y= real 
disposable income per household. 
t 
Incorporating the ideas of Galbraith, Duesenberry and Marris could 
be achieved through the introduction of a set of equations of which 
(3.5) is the general form. The expression proposes that each 
of the regression coefficients in (3.4) will not be constant but 
rather will vary as a function of utility already derived from the 
ownership and use of appliance i. Under these equations households' 
price and income elasticities would change with their level of 
appliance stocks as depicted in Diagrams 3.1, and 3.2. 
For example if constrained to a low level of utility, then a 
particular household may regard the ownership of appliance i as a 
luxury assigning to it a low örder of priority inferred 
through high price and income elasticities. At a higher standard 
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of living, the same appliance could be viewed as more of a 
necessity and elasticities would be lower. 
To propound a conceptually satisfactory study of durables demand, 
any empirical work must accommodate explicitly the non-linear 
nature of the system. Harberger (44) recognises this requirement 
and states generally that; 'the difficulties facing those who 
estimate durables demand are numerous and severe enough 
easily to explain why so few finished studies have emerged'. 
Burstein's (45) study of the household demand for refrigeration 
did not account for the non-linearity of the system. He concluded 
that; 'though all the coefficients emerging from the ...... 
regressions are highly significant statistically, the possibility 
exists that the price and income variables, both of which have 
strong trends, are in the regressions explaining a trendwise 
change in tastes'. 
An earlier study by Needleman (46) presented an appealing 
approach to the problem of accounting for the development of 
consumer tastes by utilising the 'S' shaped learning curve. 
Needleman was able to identify this type of functional form with 
the concepts of consumer learning (acquired tastes), and inter- 
personal want creation. This study did not however pursue the 
approach through to explicit model building, except to explain 
short term fluctuations in stocks. More recently, Bossert (36) 
has rekindled interest in the use of learning curves, although 
again only trend extrapolation applications were envisaged. 
These two groups of studies, Harberger's and Burstein's and 
Needleman's and Bossert's , suggest alternative methods 
for 
incorporating the non-linearity of durables demand into a model 
building framework. Either the variation of elasticities can be 
explicitly recognised within a linear regression framework by the 
introduction of equations such as (3.5), or an attempt can be made 
to identify constant price and income elasticities within a non-linear 
regression framework reflecting changing consumer tastes. This 
analysis of the ownership and use of major household durables 
pursues the second line of approach. 
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3.2 The Ownership of Major Domestic Appliances 
Much criticism of econometric studies is stimulated by the time 
honoured proposal at the beginning of many studies that demand is 
a function of relative prices and real incomes. The statement 
does nevertheless outline the principal determinants of a con- 
siderable number of markets, both for consumer products and 
also for more durable commodities. Other factors also play 
prominent roles but their influence on demand may be largely 
confined to defining how much attention consumers pay to a 
commodity's price and their own purchasing ability. 
The simplicity of the price-income model does not undermine the 
elaborate mechanisms which drive markets. Moreover simplicity 
by itself is not a fault. Nevertheless both price and income 
variables require careful definition within a model if shallow 
interpretations of market mechanisms are to be avoided. 
Income is included in this analysis as a proxy for additions to 
consumers' wealth, their ability to raise credit and possible 
additions to savings (depending upon their marginal propensity 
to consume). These variables are the component manifestations 
of the ways in which income, ceteris paribus, constrains the level 
of demand. All are likely to be important, particularly in 
relation to durables demand, but to include each separately would 
invite severe estimation difficulties and involve some double 
counting leading consequently to biassed estimates. 
For cheap consumer goods sales can be legitimately related to the 
level of current income because of the speed at which repeat 
sales take place. However, for more expensive items, notably 
durables, expectations play a crucial role and the influence of 
current income will be distributed over several years. Looking 
in reverse, the stock of durables held at any time will be a 
function both of past and current incomes. The idea of a 
distributed income effect is formalised in the concept of permanent 
income. 
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Various ad hoc methods of constructing a permanent income 
variable have been proposed by different authors. but no one 
' 
form has proved economically superior. This analysis has 
adopted the general distributed lag scheme set out in equation 
(3.6) and has allowed the data to suggest the most appropriate 
value for the number of lags, k, and the most appropriate 
depreciation rate, r, through empirical investigation. Details 
of these investigations are set out in Appendix I. Equation 
(3.7) gives the results of these estimations showing the permanent 
income variable which will be used in this study. 
YP = yt + (1-r)yt-1 +( 1-r) 
2 
yt-2 + ...... + (1-r)Kyt"K 
_j (1-r)lYt-i (3.6) 
i=o 
where, YP = real permanent disposable income 
per household. 
yt = real current disposable income per household. 
r= depreciation rate. 
YP = yt + (0.81)Yt-1 + (0.81 )2 Yt-2 + (0.81) 
3 
Yt-3 + 
(0.81 )4 Yt-4 + (0.81) 
5 
Yt-5 (3.7) 
As already mentioned, relative price features prominently in 
models of consumer demand. The prices of particular 
commodities constrain the purchasing ability of household income 
and similarly income defines how much attention is paid to price. 
Many authors have acknowledged the deep interdependence that 
the variables share in their effects upon demand. 
1. See for example Boley (47). 
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Unfortunately, retail price data for individual appliances are 
not available on a consistent basis over a sufficient number of 
years. This study has therefore used the indexed average price 
of all domestic durable s. Although this series contains less 
information than would separate series for individual appliances, 
and regression coefficients using the single series will be biassed 
away from their true values that would be derived using separate 
series, the price elasticities may not be seriously affected. 
Equations (3.8) (which is the conventional expression for a 
demand elasticity), (3.9) and (3.10) express this. 
ýQit Pit (3.8) 
a Pit Qit 
4it , PAt ý, 
a_it Pit 
PAt Qit ' Pit Qit (3.9) 
provided aPAt 
M1 
Feit (3.10) 
PAt pit 
Provided that percentage changes in the price of appliance i have 
been broadly similar to the percentage changes in the average price 
of household durables, 
(equation (3.10) ), then the elasticity derived 
using an average price series will be similar to that which would 
have been derived from a separate price series for the appliance 
i, (equation (3.9) ). Since the assumption upon which the broad 
equality of equation 
(3.9) is based is not unduly restrictive, this 
analysis has proceeded using the average price series. 
1. Indexed price data does not show the nominal price of a 
commodity or service 
but rather the price in each year relative 
to the price in a base year. 
For example, if an appliance cost 
£50.00 in 1970, £75.00 in 1975 and £150.00 in 1980, price indices 
for the appliance for the three years with 1975 as a base, are 
respectively 0.666,1.000 and 
2.000. This index expresses 
durable prices in money of the 
day terms. To obtain an index of 
real durable prices, 
the index in money of the day terms is 
divided by the Retail Price Index. All data used in the analyses 
of this and subsequent chapters are given in Appendix III together 
with notes of adjustments which 
have been made. 
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Households' expectations of future earnings played an important 
role in the specification of the most appropriate income variable 
to use in this ownership study of consumer durables. They are 
similarly important to the price variable. The protracted lifetimes 
of these largely expensive durables suggest that households will have 
a speculative awareness of durable prices. It is important, therefore, 
that the price variable included in the model is of a long run nature 
and reflects the likelihood that current price response draws heavily 
upon experience and awareness of past durable prices as well as upon 
the synthesis of current price information. The incorporation of this 
hypothesis has been attempted through the use of the price variable 
specified in equation (3.1.1). 
-1 k- RPI 
t-1 
DPI 
t- 
DPI 
t-11 
P= `- 
1+ 2` 
RPIt 
DPI K t=1961 RPIt + RPI t1 t+ 
DPI 
where, PK = the relative price of durables to all other 
commodities in t=K 
RPI 
t= 
retail price index 
DPIt = durable price index 
Essentially the variable PK supposes that movements in the price 
of durables relative to the prices of all other avenues of household 
expenditure have a cumulative effect. The inner bracket gives the 
percentage difference 
between the increase in all consumer prices 
and the increases 
in durable prices. Adding this to unity gives the 
factor by which household income will have been enlarged or, 
contracted by the relative price movement. Taking the product of 
these factors from the beginning of the sample period gives the 
cumulative price induced expansion or contraction in households' 
purchasing ability in ratio 
form to the base year. Developing a 
price variable having a cumulative effect is logically compatible with 
the long run nature of the 
income variable. 
(3.11)' 
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No means has yet been evolved of incorporating the non-linearity 
of households' durables demand into the price-income model. 
As already noted, two options are open. Either the regression 
coefficients of a linear demand equation can themselves be 
analysed with reference to the physical and social factors that 
cause the demand curve to shift in towards the origin with 
increasing total utility, (see Diagram 3.1), or the demand system 
can be analysed within a non-linear framework which simulates 
the development of households' total utility over time. This 
second avenue of approach does not offer any explicit interpretation 
of the determinants of households' utility but it offers a means of 
more closely identifying unbiassed demand elasticities. 
One of the first studies to pursue this latter approach was 
Derken and Rombouts& (48) analysis of the demand for bicycles 
in Holland in which they employed growth curves to embody the 
concept of eventual market saturation. More recently 
Needleman (46) has re-assessed their use in projecting domestic 
appliance sales and Bossert (36) has shown how they can be 
a 
linearised tolform suitable for regression analysis. 
1 dY 
_b(a-Y), 
ifa% Y (3.12) 
Y dt 
1 dY b(Y-a), ifa<Y (3.13) 
Y dt 
Bossert maintains that the logistic curve, the general forms 
of which are given in equations (3.12) and (3.13), have 
several desirable characteristics for forming the basis of 
aggregate behaviour. 
Proportionate growth (or decay) is 
assumed to be a linear 
function of the level already achieved 
relative to a limit 
beyond which the dependent variable cannot 
possibly grow 
(or decay). The coefficient b gives for each appliance 
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the ratio of the proportionate change in the growth variable to 
the gap remaining between the asymptote and the current value 
of the dependent variable. If observed data has exhibited a 
relatively stable b ratio over time then the data can be approximated 
to a logistic growth curve. Bossert does however point out the 
limitations in using growth curves for forecasting: that the trend 
can continue only if conditions causing the trend continue 
and only if the apparent good fit to past data continues in the 
future. 
Within these limitations Bossert argues that the logistic curve 
is useful to -forecasters as an indication of the underlying trend 
which a market will follow should the status quo remain unchanged. 
The dynamic nature of the way in which yesterday's luxury becomes 
today's necessity is explicitly accommodated since the growth 
cycle depends upon the level attained and the level to which the 
growth variable will tend eventually. 
A logistic curve describing the behaviour of a variable Y moving 
towards an asymptote a can be expressed as equation (3.14). 
Re-arranging and taking logarithms gives equation (3.15), which is a 
form suitable for regression analysis. 
Yt a 
ba ta 
>Y 
t (3.14) 
1+Ae 
a_ 
Log 
I_ 
Y1 
t= 
Loge A- bat (3.15) 
e 
Before introducing households' incomes and appliance prices into 
the logistic model, (3.15), it is first necessary to suggest for each 
appliance the most likely saturation ownership level by choosing 
a value for a. This was achieved in a search procedure by 
estimating for. each appliance*a set of time trends. In the searches 
the particular regression which minimised the sum of squared 
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residuals for an appliance was accepted as that employing 
' 
the most- appropriate asymptote. Table 3.1 contains the 
results of these search procedures. An example of the fit 
of these estimated trends is given in Diagram 3.3 for washing 
machines. 
TABLE 3.1 
Appliance 
Suggested saturation 
ownership level* 
Washing Machine 80 
Refrigerator 86 
Freezer 34 
Fridge Freezer 19 
Vacuum Cleaner 100 
Iron 100 
Kettle 100 
Mono T. V. 100 (up), 1 (down) 
Colour T. V. 100 
Blanket 54 
Cabinet Dryer 1 
Tumble Dryer 30 
Dishwasher 20 
*percentage of households owning 
9 
1. See over 
81 
1. 
Note from previous page. 
The search procedure undertaken to find the most 
appropriate asymptote for each appliance was based 
upon equation (i) . which 
is similar to equation (3.15). 
a. 
Loge S1 -1= 
Loge Ai - (aoiai) (time) (i) 
it 
where, ai = asymptotic ownership level of appliance 
i giving the final percentage of households owning. 
Sit = percentage of households owning appliance i 
during year t. 
Ai = constant of integration specific to appliance i. 
a01 = growth term* for appliance i describing the 
proportionality between the rate of change of 
Sit and the term Sit(ai - Sit' i. e. , 
dSit = aoi Sit (ai - Sit) 
dt 
For each of the thirteen appliances shown in Table 3.1. , 
a series of regressions of equation (i) were undertaken. 
Successive regressions for an appliance used progressively 
higher values of ai. The most appropriate asymptote was 
chosen as the value which maximised the R2 of equation (i) 
for that particular appliance. Each search procedure 
investigated a range of asymptotes between the 1977 ownership 
level (the last year of the sample period) and complete 
saturation (100% ownership). For appliances declining in 
ownership the range investigated extended down to zero from 
the last recorded ownership. In both cases asymptotes were 
incremented in one percentage point steps.. 
*The term a01 has previously been denoted by b. 
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One last adjustment remains to be made to the logistic form 
proposed, equation (3.15), before price and income variables 
are introduced. In the specification of the permanent income 
variable' the distributed lag scheme has been truncated after 
five years. largely on statistical grounds. Had the effect of 
incomes prior to t-5 been taken into account then they would 
have been prefixed by the coefficient (1-r)6 . Since these 
incomes do, not appear in the permanent income specification, 
but have contributed to the accumulation of appliance stocks, a 
proportion of recorded ownership levels equal to (1-r) 
6 
Sit-6 
has been removed from the dependent variable to balance the 
regression. The new dependent variable, Sit (l r)6 Sit-6 
represents the ownership of a particular appliance arising from 
income received during the current period and during the five ... 
preceding years. Equation (3.16) gives the general form of the 
proposed price-income model for an appliance i. In reducing the 
dependent variable, it is also necessary to adjust the asymptotic 
ownership level. The new stock variable will no longer grow 
towards ai , but rather a. ' where ai' = ai - (1-r)6 ai 
a, 
(3.16) 
Loge 1-1= Log A. - a. ' (b Yp+bP)+e. 
S- (1-r 
6 
S, e111t2 Kt it 
Subtraction of part of the recorded ownership level does hold some 
intuitive appeal. Search procedures in the permanent income 
derivation found that lags further back than t-5 did not add signifi- 
cantly to the explanatory power of the constructed variable. The 
portion of appliance stocks (1-r) 
6 
Sit-6 could therefore be interpreted 
as a measure of the part of households' appliance stocks which are 
independent of economic stimuli. This base level gradually rises 
over time as Sit increases and so 
(1-r) 
6 
Sit-6 could be interpreted 
as a stock level that households have come to regard as a necessity. 
It must be stressed however that this hypothesis cannot be supported 
by theoretical derivation. 
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1. See Appendix I 
The results of estimating equation (3.16) for twelve major domestic 
appliances are given in Table 3.2, t- statistics are given in 
parenthesis. Generally the results are poor. High values of 
R2 accompanied by insignificant parameter estimates suggest 
that each of the equations is troubled by multicollinearity. This 
interdeterminacy can be attributed to the use of a permanent income 
variable and a long run price series, both of which are very smooth. 
Tzanetis (49 ) encountered similar problems in the use of a 
permanent income variable and chose to use current income instead, 
although recognising it to be less appropriate for the specification. 
Table 3.2,,,, also shows that except for kettles and cabinet dryers 
all remaining appliance equations suffer from positive auto correlation. 
Strength of the serial correlation varies across appliances but the 
particularly low values of the Durbin Watson statistic for appliances 
such as washing machines and dishwashers question the adequacy 
of the price-income model specification. 
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TABLE 3.2 
Appliance Loge Al 
, a1 bl ai b2 R2 D. W. 
Washing 10.05 -0.0006 -7.243 (t. ) 0.66 0.96(z) 
Machine (- 4.23) (0.48 )-. (0.89 ) 
Refrigerator 13.74 -0.0025 1.841 0.94 1.22(2) 
(13.10) (4.37 ') (0.51 -) ;, 
Freezer 26.40 -0.0040 2.955 0.98 1.05 
(27.62) (7.63 ) (0.90 ) 
Fridge 27.39 -0.0044 4.643 0.91 0.98 (z) 
Freezer (10.71) (3.61 ) (0.71 ) 
Vacuum 4.70 -0.0001 -5.803 (ý") 0.82 1.33 (. ý 
Cleaner -ýc ( 5.36) (0.61 ) (1.93 ) 
Iron 6.19 -0.0018 2.106 0.89 0.74 
( 6.17) (3.46 ) (0.66 
Kettle 6.26 -0.0010 0.489 0.99 2.09 
(37.74) '(11.61 ) (0.86 
Colour 40.78 -0.0060 3.856 0.86 0.71 C) 
Television 41 ( 7.32) (2.56 ) (0.30 ) 
Blanket 1.03 -0.0005 1.402 0.66 0.62 L) 
( 2.79) (2.58 ) (1.21 ) 
Tumble 10.21 -0.0013 1.244 0.97 1.72 
Dryer (26.60) (7.10 ) (1.03 
Cabinet 2.06 -0.0004 0.522 0.92 1.92 
Dryer ( 8.89) (4.34 ) (0.96 ) 
Dishwasher 9.43 -0.090 1.023 0.97 0.88 (k) 
(30.40) (6.82 ) (0.96 ) 
. - 
estimate is ,: significant at 5% level. 
estimate is ",, significant at 1% level. 
(1) estimate carries the wrong sign. 
( )evidente, aF serial co rv%e anion the error t-eý rn , 
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A simpler analysis, using as an independent variable the ratio 
of permanent income and long run price in a purchasing ability 
variable improves the reliability of parameter estimates 
although separate price and income effects can no longer be 
identified. Results of these estimations, which employ equation 
(3.17), are given in Table 3.3. 
P r a! y Loge i_1= Loge Al - bai (--)+ e! (3.17) 
S- (1-r) 
6 
Sit-6 K 
it 
Econometrically, this second set of results appear to be more 
satisfactory. The ability of each equation to explain past observations 
is at least equal to the two variable specification and the severity 
of the autocorrelation, although still serious, has not been increased. 
However other serious problems remain and indicate overall that this 
condensed analysis employing directly the adjusted growth trend of 
equation (3.17) cannot be pursued any further. 
A principal drawback is that meaningful price and income coefficients 
cannot be separated. The coefficients produced in Table 3.3 give 
only the total effect of both price and income upon demand. Whilst 
there will undoubtedly be some causal association between the two 
variables leading to a partial cancellation between numerator and 
denominator, it is not possible to derive either separate reduced 
form price and income coefficients or the underlying structural 
terms. Other difficulties arise with the behaviour of the adjusted 
logistic form, equations (3.16) and (3.17). Approximation to a 
logistic growth is acceptable until the asymptote is approached. 
In this vicinity the behaviour of the dependent variable more closely 
resembles damped oscillatory motion with a series of over and 
under adjustments before the final asymptote is reached'. Such 
behaviour in the context of durables demand defies reasonable 
physical interpretation. 
1. See over. 
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4 
1. Note from previous page. 
The 4dß gam. below shows the general form of the curve 
depicted by equation (3.17). Points (a) and (b) defy logical 
interpretation since they imply ownership levels in excess 
of the saturation penetration. The oscillations also suggest 
changes in sign of price and income elasticities near the 
asymptote. These are similarly difficult to interpret. 
a. 1 
Percentage of 
households 
owning 
Price, Income 
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TABLE 3.3. 
Appliance Loge Ai b a' R2 D. W. 
Washing 4.33 -0.0008 0.71 1.01 
(C) 
Machine 
K 
( 3.73) -r- ( 5.97 ) 
Refrigerator 7.12 -0.0010 0.95 1.97 
(13.42) (16.16 ) 
Fridge 16.01 -0.0015 0.93 0.48 CO 
Freezer (12.80) (11.25 ) 
Freezer 15.87 -0.0016 0.98 0.53(l) 
(30.7 
) 
) 
44. 
(26.14 
Vacuum 1.28 -0.0004 0.81 0.49 (C) 
Cleaner ( 2.62) ( 7.70 ) 
Iron 2.12 -0.0007 0.91 0.74 11) 
(growth) ( 4.27) (11.34 ) 
Iron -1.21 -0.0001 0.87 0.92 CC) 
(decline) 
11ý 
( 7.84) 
VK 
( 9.02 ) 
Kettle 3.32 -0.0004 0.99 1.34 ý1) 
(30.81) (34.71 ) 
Mono T. V. 0.34 -0.0001 0.88 0.79 (1) 
(decline) ( 5.28) ( 6.70 ) 
Colour T. V. 23.49 -0.0022 0.85 0.60 (C) 
( 7.61) ('6.8 ) 
Blanket 0.47 -0.0001 0.67 0.69 CO) 
(decline) ( 2.5) ( 5.27 ) 
Dishwasher 6.47 -0.0004 0.97 1.14 CC 
41 
(37.17) (22.05 ) 
Cabinet Dryer 1.07 -0.0002 0.92 1.73 
(decline) ( 8.06) (10.14 ) 
Tumble 7.09 -0.0005 0.98 1.2911 
D 
0- 
82) (38 
K* 
(23.89 ) 
ryer . 
&ýýs 
-15k 
6c 51 n F-j c "`r`t Ko tev e, & , 
I Og esk: MtA e. 15 F, -% týAcwnv ak 
L-hP- 1% leve, \ 
co evi&enct. 0ý ser%CX cu relation 0A VPf- ear. Rrrn. 
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3.3. An Alternative Hypothesis 
The use of the term (1-r) 
t Sjt-6 in equation (3.17) measures 
the size of households' stocks of appliance j which they have 
come to regard as essential. An alternative hypothesis suggests 
that expectations rather than experience may be the relevant 
decision making medium. On the basis of their existing appliance 
stocks and a saturation ownership level (which can be interpreted 
as households' eventual aspirations of ownership) households will 
formulate expectations of further appliance ownership. A starting 
point for this alternative hypothesis is given in equation (3.18) 
Se - S. = f(S (a -S), Yep Yp , Ce it Pe 
, fit+l , fit fit, 
.ý jt t+l t t+l Kt+l (3.18) 
where, Sjt+l = expected ownership level of appliance j in t+1 
Sjt = existing ownership level of appliance j in t 
a .= saturation ownership 
level of appliance j 
i 
ep Yt 
+1= expected real permanent income per household 
yP = existing real permanent income per household 
e Ct 
+. 1 = expected real new credit extended on durables 
per household in t+1 
Pe 
Kt +1= expected real price of durables in t+1 
Equation (3.18) could be specified as a normal linear multivariate 
regression equation by taking the term Sit over to the right hand 
side. However, this would not then portray the driving mechanisms 
behind the anticipated level of new sales. The latter are hypothesised 
to depend upon both the level of stocks already held by households and 
the remaining potential 
for further ownership, Section 3.1 showed 
that this dependence can be accommodated in either of two ways: 
by introducing additional equations to describe the movement of 
regression coefficients 
in a normal regression equation or by 
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conducting the regression analysis in a non linear- framework. 
The second approach has again been adopted. Tastes and 
changing consumer preferences have been explicitly removed 
from the price-income demand model in order that stable price 
and income elasticities may be derived. It is assumed that 
expected new sales of appliance j, aSýt , are proportional 
both to existing ownership levels and the remaining potential for 
further ownership. Within this non-linear framework of consumer 
preferences, it is reasonable to assume that the residual price- 
income model, f', is linear. This is illustrated in equation (3.19). 
&Se =aS (a - S, ) f, (Yep - YP , Ce p (3.19) jt+1 of jt , ýt t+1 t t+ Kt+1 
The three variables in the right hand brackets of equation (3.19) 
combine in some manner to produce a household's purchasing 
ability. The term aoj implies that for each appliance j, a 
proportionate relationship exists between expected new sales of 
j and households' purchasing ability, adjusted for existing ownership 
levels and remaining potential for penetration. These two adjustments 
retain the analysis within a logistic framework. Equations (3.12) 
and (3.13) demonstrate that the derivative of a logistic curve can 
be expressed as the product of saturation achieved and remaining 
saturation potential. The dependent variable of equation (3.19) 
seeks to approximate the total differential form of equation (3.12), 
which is expressed in equation 
(3.20). 
dY=bY(a-Y)dt (3.20) 
e 
In equation (3.19), Ost +1 replaces the infinitesimal changes dY 
in equation (3.20). The function of f' in equation (3.19) replaces 
time as an independent variable and substitutes for its smooth 
intransient progression a modulus depending upon economic and 
physical variables. 
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It is not possible to undertake empirical analysis of infinitesimal 
changes. Quite apart from the absence of data, the signal-to-noise 
ratios recorded by each variable would be so low as to preclude 
meaningful work. A compromise has to be adopted and although 
an imperfect representation of the logistic total differential, 
equation (3.19) does provide a meaningful base for analysis 
which embodies the non-linear framework of demand developed 
in Section 3.2. Analytically, the estimation of equation (3.19) 
should produce the same long run income parameters as equation 
(3.16) since there is an algebraic link between the two forms. 
In practice the imperfections of the link become apparent and 
estimated coefficients are biassed more towards lower, short 
term values. 
Despite the inclusion of a credit variable, the specification of 
equation (3.19) remains incomplete. A view reinforced by the 
severe autocorrelation encountered in the logistic price-income 
estimations of the previous section. When faced with the prospective 
acquisition of a particular appliance, households' purchasing ability 
will depend upon their income, upon the relative price of durables 
to all other commodities and upon the price of the particular 
appliance relative to the prices of other electrical appliances. 
There are two separate price influences; one determining the 
share of total household expenditure which falls to durables and 
the second determining the relative demand for a particular appliance 
within households' durables expenditure. Both should appear in a 
reduced form demand equation such as (3.19). However, the 
absence of price data 
for separate appliances necessitates that 
only an indirect approach can 
be adopted for including the second 
price effect. The method proposed normalises individual 
appliance ownership 
data and produces an homogeneous group of 
durables. This is achieved by substituting relevant values of a 
0ý 
into equation (3.19). 
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This substitution accommodates those variables omitted from 
equation (3.19) which describe appliances' individual shares of 
households' expenditure on durables. Relative appliance price 
is for each equation the most serious omission. However, other 
more subjective influences will also be captured by the approxi- 
mation. In particular, households' preference for. each 
appliance is incorporated into the value derived for a 0j- 
The most appropriate value for aoj for each appliance has been 
selected by estimating the logistic trend given in equation (3.21). 
Using the same asymptotic saturation ownership levels, aj , 
suggested from the analysis of Section 3.2l , the required coefficient 
aoj appears as a component of the slope coefficient. Results of the 
estimates are given in the first column of Table 3.4. 
Log 
e[_: 
LogeAj - (a, l 
aoJ) (time) (3.21) 
J 
ýt 
TABLE 3.4. 
Appliance aoj x 10-3 Preference Ordering 
Washing Machine 1.618 8 
Refrigerator 2.156 7 
Freezer 12.698 2 
Fridge Freezer 24.800 1 
Vacuum Cleaner 0.822 10 
Iron 0.679 10 
Kettle 1.050 9 
Colour Television 7.120 3 
Tumble Dryer 5.940 5 
Clothes Dryer -27.800 12 
Blanket 2.674 6 
Dishwasher 6.855 4 
Giving a ranking of household priorities for appliances. 
ýSc, e 'ýaýblý 3.1 
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Although little can be said separately of the relative price and 
preference effects captured by aoj because of their appearance 
as a product only, their combined influences can be assessed. 
Comparison of the estimated values of a03 produces a preference 
ordering of penetration rates which impute an order of necessity 
to each appliance. This ordering is given in the second column 
of Table 3.4. 
Removal of the unknown and unquantifiable determinants of 
relative ownership levels leaves each data series representing 
just the relationship between households' purchasing ability and 
their ownership of a hypothetical appliance. Statistically this 
yields the advantage of being able to derive twelve sets of parameter 
estimates from equation (3.19) which are assumed to belong to the 
same population. 
Economically, the method has the disadvantage that the direct 
regression results are without meaning. However, dividing each 
coefficient by aoj reinstates individual identities. The parameters 
so produced are reduced form estimates giving both direct and 
indirect effects of regressors appearing in equation (3.19) upon 
appliance ownership levels. Initial pre-multiplication by aoj 
combines the first structural equation, relating to ownership of a 
hypothetical durable (and hence giving the parameters of market 
size) with the second, unknown, structural relationship dealing with 
the relative demands of individual appliances. 
Before equation (3.19) can 
be estimated one further simplifying 
assumption is required. 
Equation (3.19) is specified in a form 
to capture households' expectations 
but only ex post data are 
available for empirical work. 
Various adjustment mechanisms 
have been proposed to translate such theoretical concepts into 
1 
estimable forms . 
1. See Kelejian and Oates 
(50) Chapter 5, pages 148 - 151. 
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Of the various ad hoc manipulations performed, no single 
mechanism has yet proved superior to the others. Moreover 
the reduced forms derived for estimation invariably contain a 
lagged dependent variable on the right hand side of the equation. 
This often induces bias and has led to a wide range of adjustment 
2 
rates being suggested. 
In a simplified alternative, this study has assumed that households' 
ex post adjustments of appliance ownership are equal to their 
original ex ante adjustments. This is a limiting assumption and 
one which will impart some bias to the derived regression 
coefficients. However, the bias is likely to be small and provided 
that households' behaviour has been consistent throughout the sample 
period elasticities will not be. biassed. In addition, the simplification 
allows estimations employing lagged dependent variables, with the 
attendant damage to all coefficients that this causes, to be avoided. 
The estimable form of equation (3.19) is set out in equation (3.22), 
below. 
ASjt aoj Sjt-1 (aj - Sjt-1) (WjdYP+ b? j 
Ct + bij PKt) (3.22) 3 
where, ASjt = change in ownership level of appliance j between 
t and t-1 
Sit-1= ownership level of appliance j during t-l 
ai = saturation ownership of appliance j 
/GYP t= change 
in real permanent income per household 
between t and t-l 
Ct = real new credit extended on durables per household per household during t 
PKt = real price of durables during t 
2*See Parhizgari and Davis (?. g) and Baughman and Joskow (31 ). 
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Results from estimating equation (3.22) separately for each 
appliance proved uniformly unacceptable. A selection of these 
results is given in Table 3.5. Many of the regression coefficients 
carry signs contradicting a priori expectation. This suggests 
that the analysis remains severely troubled by multicollinearity. 
TABLE 3. S. 
(t- statistics are given in parenthesis) 
Appliance 
bl 
jb2jb3j R2 
I 
D. W. 
Washing 0.0039 -0.0145 (C) 2.122(t. ) 0.84 2.11 
Machine ( 2.08 ) ( 2.72 ) ( 4.08) 
Fridge -0.0001 (() -0.0073 (J) 1.372 (. t) 0.96 2.62 
Freezer (-0.07 ) ( -1.07 ') ( Z. 91) 
Iron 0.0040 0.0525 -3.882 0.55 1.70 
( 0.54 ) ( 1.95 ) (-1.66) 
Kettle 0.0038 0.0123 -0.568 0.69 2.59 
( 2.40 ) ( 1.86 ) (-1.07) 
Tumble -0.0016 (i) -0.0320 (1) 3.828 (t) 0.98 2.56 
Dryer (-1.43 ) ( -5.50 ) ( 9.42) 
Dishwasher -0.0019 (1) 0.0214 -0.567 0.79 2.17 
(-1.13 ) 
a, . 
( 3.02 ) ( 1.04) 
estimate is significant at 5% level 
estimate is significant at 1, % level 
(k) estimate carries the wrong sign. 
Koutsoyiannis' (51) conclusion that multicollinearity may impair 
1 
the accuracy and stability of parameter estimates is well illustrated 
by these results . Surrey 
(52) shows how imperfect multicollinearity 
can lead to parameter estimates with the wrong sign. His formula 
(3.24) also illustrates, 
for a regression with two independent 
variables and interdependence as expressed in equation (3.23)0 
1' 
Chapter 11, page 225.97 
how a strengthening of collinearity leads to large parameter 
variances. Surrey concludes that the problem of milticollinearity 
is insoluble. 
Xit = co + c1 X2t + uit (3.23) 
or xlt =C1 X2t 
where, x1 Xlt - Xlt 
var (bl) = 02 ci 
+1 
(3.24) 
Z Tult 
xl 
where, 
ý2 
= variance of stochastic term et 
Asa solution to this dilemma, an alternative approach to 
multiple regression analysis can be adopted. The simulation 
technique which is developed in the next section cannot be supported 
by a rigorous mathematical proof. However it does not invoke 
any gross violations of the basis upon which ordinary least squares 
analysis is founded. Of more importance is that it may offer to 
practical forecasters some relief from the seemingly hopeless 
position which often arises when multivariate analysis is troubled 
by multicollinearity. 
3.4 Development of A Simulation Approach 
Consider the single variable regression equation (3.25) which is 
expressed in deviation units, i. e. , 
x1=X1-X andy=Y-Y 
y. ax1 (3.25) 
then .. x1 y=a. 
Fxi (3.26) 
and a= Ixl y 
G. x 
2 (3.27) 
1 
If however, a relevant independent variable had been omitted 
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from equation (3.25), then the correct estimate of' 
- equation (3.27) will involve an additional term. 
Equations (3.28) to (3.32) show this. 
y= a'x1 + b'x2 (3.28) 
Ixly=a' ýx2+b' F-xlx2 (3.29) 
Y-x2y = at 2: xlx2 + b' xZ (3.30) 
then, at = xly - b' Zx1x2 (3.31) 
z2 2 
xi x1 
a' =a- b' 
Z 
xlx2 (3.32) 
Gr xi 
2 
if xl and x2 are interdependent, then their interrelation can be 
expressed as (3.33). . 
x2 =c xl (3.33) 
then, C=I, xlx2 (3.34) 
2 Y xi 
Substituting (3.34) into (3.32) gives; 
at -a- b'c (3,35) 
similarly it could be shown that 
b, =b- a'c (3.36) 
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The two results (3.35) and (3.36) show that the regression 
coefficient and therefore the elasticity of any variable in a 
two variable regression will be equal to its single variable 
counterpart if and only if the correlation between the two 
independent variables is zero (i. e. , c= o). In all other cases 
a and at will differ and so will b and b'. 
Equations (3.35) and (3.36) also indicate the direction of the 
bias between the single variable and two variable regression 
coefficients. For example, let x1 equal permanent income and 
x2 equal durables' price. From equation (3.35) in which b' and 
c should both be negative, one can deduce that a' <a for b, cýo. 
This implies that the income coefficient in a two variable regression 
is lower than that from a single variable model. Similarly, using 
equation (3.36) it can be shown that the price coefficient in a single 
variable regression will also be overstated. 
However. from equations (3.35) and (3.36) it is not possible to 
evaluate the size of the biasses 
in the single variable models. 
Assigning to the variables y, x1 and x2 conventional notations 
of S, Y and P then equations 
(3.35) and (3.36) can be written as 
(3.37) and (3.38). 
dS 
-S + 
1. §. 
_ 
dP (3.37) 
dY aY öP dY 
dS aS öS dY (3.38) 
dPap+ aY dP 
Substituting (3.37) into (3.38) gives (3.39) which can be re- 
arranged to give 
(3.40) and subsequently (3.41). 
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dS ýS dS as dP dY 
d P - + dY ÖP dY dP (3.39) 
dS S 
_ 
dP dY 
1 
dS 
+ 
dY 40) (3 d sP dY dP dY dP . 
as dS dS dY dP dY 0 
ap- dP - dY dP 
1 dY dP 0 (3.41) 
Equation (3.41) is indeterminate and a similar result can be 
derived for öS/ÖY. Each result shows that it is not possible 
directly to derive the two variable regression coefficients from 
two single variable models. 
Equations (3.35) and (3.36) state that the single variable equations 
will always overstate the response of a variable when another 
regressor has been omitted. Re-arranging (3.36), it can be 
seen that the absolute amount of overstatement, b-b', is 
proportional to both the true regression coefficient of the omitted 
variable and the coefficient reflecting interdependence between 
the two regressors. Since it is not possible, in cases where 
severe multi collinea rity precludes 
direct estimation, to derive 
unique estimates of a' and b', this analysis simulates the proportional 
amount of overstatement using proxies 
for b'c/a' and a'c/b'. 
In cases where more than one variable is missing, higher order 
terms are used. 
Equation (3.42) expresses the simulation proposed for the 
overstatement in each coefficient when only one variable is included 
in a two variable regression. 
The degree of overstatement, a'c/b', 
is approximated by the extent 
to which derivations in the included 
variable can be associated 
with derivations in the omitted variable, 
rxl nx2ý /Jxlj , 
This relationship has been represented 
numerically by the correlation 
coefficient between the two variables, 
r Dealing in proportionate rather than in absolute terms xl x2 
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and in deviations rather than in absolute magnitudes, permits 
an independence from the relative sizes of the two unknown 
coefficients at and b'. 
0l a1c Xl x2 _. rx 
(3.42) 
bI {xl} 'I 2 
For cases where more than one variable is missing, the 
approximations are not so simple. Equations (3.43) and (3.44) 
give respectively the overstatements when two and three variables 
are omitted. 
{XlnX2 
+(1 -{X2nX3 
f 
XlnX2 ) X1flX3 
jx} {, c?. l (X1ý 
`X1} 
p ., r+ 
(1-'r r )r 
2ý x1X2 X2 X3 X1X2 X1X3 (3.43) 
03- f xl('x21 + (1 '[X2 n xgLxinx3 
) 1xl n x33 
1.1 (X23 
{x 
13 
{xl} 
+ (1 -Cx4nx2 
Ilnx? fC4(\X33 (1- 
tx2nx2 
fxl(1x )x 
[x4] ýxl3 [x4] x2 xl3 
xln x, 
ý 1x4nx11 
xlý [x43 
0r+ (1"r r )r 
3 X2 NZ x3 Xlxz XlX3 
+ 1-rX4X2rxX2- rX4X3 1-rX2X3rX1X2 rXiX3)rx4X1 3.44 
() 
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These proposed approximations are doing no more than 
simulating the algebraic solution of the normal equations 
belonging to models with two, three and four independent 
variables. Surrey (52) describes these algebraic solutions 
as no more than correcting the correlation between the dependent 
and an independent variable for the correlations existing between 
the independent variable in question and other regressors in the 
modelt. To avoid the harmful effects of multi collinearity-in 
the normal simultaneous estimations, each of the equations 
(3.42), (3.43) and (3.44) permits the relationships between the 
dependent variable and each independent variable to be separately 
estimated. Correction factors are then applied to the single 
variable regression results to derive proxies for the true multi- 
variate coefficients. The next section examines the application 
of this simulation to the models of Section 3.3 (equation 3.22) 
which were severely troubled by multi collinearity. 
3.5 Simulation Model Applied To Appliance Ownership 
Tables 3.6,3.7 and 3.8 which follow give the results for a 
group of ten major appliances of the three single variable 
regressions required to build a synthetic form of the multivariate 
model (3.22). 
6 Sit = aoj 5jt-l(ai - Sit-1)(b 
ijAYP+b Zj Ct+ b 3jPKt) (3.22) 
1. Chapter 1, page 
(3 ) 
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TABLE 3.6. 
ýSjt = aoj Sjt-1 (aj - Sjt-1 ) b. j 
YP 
( t- statistics are given in parenthesis) 
Appliance bl j R2 D. W. 
Washing Machine 0.0081 0.43 1.41 
V, i ( 8.78 ) 
Refrigerator 0.0073 0.41 1.35 
( 10.05 ) 
Freezer 0.0058 0.31 0.43 (1) 
( 4.49 ) 
Fridge Freezer 0.0077 0.13 0.64 LO 
( 3.47 ) 
Vacuum Cleaner 0.0070 0.21 1.61 
( 6.78 ) 
Iron 0.0067 0.10 1.33 
( 2.21 ) 
Kettle 0.0071 0.33 2.32 
( 8. ý5 ) 
Blanket 0.0160 0.51 1.61 
( 5.18 ) 
Tumble Dryer 0.0114 0.11 0.48(t) 
( 3.4 ) 
Dishwasher 0.0066 0.14 1. O1 (li 
4.71' 
eslcimaEt Vs siGnAcant aA7 the 5% level 
vt, ti>ýimuv- is sigai 
ýiCUhý aý ht. 1°/a level, 
(t) tvk ence off- Si ewjacorreAcktEon OF- the. e*rov VE,, m 
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TABLE 3.7 
. 
&sjt = aoj Sjt-1 (aj-Sjt-1) b2j Ct 
( t- statistics are given in parenthesis) 
Appliance 
b2j 
R2 D. W. 
Washing Machine 0.0118 0.16 1.33 
( 7.27 ) 
Refrigerator 0.0104 0.26 1.12 Cº) 
( 9.8 9) 
Freezer 0.0101 0.98 1.62 
( 33.29 ) 
Fridge Freezer 0.0121 0.83 1.49 
( 11.96 ) 
Vacuum Cleaner 0.0101 0.20 1.46 
( 6.23 ) 
Iron 0.0108 0.30 1.35 
( 2.54 ) 
Kettle 0.0103 0.27 1.97 
( 9.22 ) 
Blanket 0.0117 0.34 1.72 
41 ( 7.31 ) 
Tumble Dryer 0.0182 0.77 0.88(1) 
( 9.37 ) 
Dishwasher 0.0112 0.55 2.29 
( 9.32 ) 
esbimaýG is Sighi ýicuný' EhG 5% leve\ 
*, {R e6t-(rnaýf, hS S13rxi f1 Cu. hý ak- Uhf 
(ý) evidence oý sev-iah, w eia c fl o Fý the error ý ým 
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TABLE 3.8. 
aS =aS, (a -S .)bp ýt of ýt-1 ý ýt-1 3j Kt 
(t- statistics are given in parenthesis) 
Appliance 
b3j 
R2 D. W. 
Washing Machine - 0.807 0.55 1.67 
a- (-10.07 ) 
Refrigerator - 1.130 0.47 1.16(%) 
(-11.50 ) 
Freezer - 1.383 0.94 1.89 
(-21.79 ) 
Fridge Freezer - 1.163 0.90 2.18 
xýc (-16.11 ) 
Vacuum Cleaner - 1.203 0.15 1.50 
(- 6.30 ) 
Iron - 1.266 0.16 1.28 t ') 
(- 2.19 ) 
Kettle - 1.228 0.11 1.94 
lt-IqL (- 8.10 ) 
Blanket - 1.256 0.41 1.79 
(- 7.49 ) 
Tumble Dryer - 0.715 0.90 1.02 L1) 
(-13.47, ) 
Dishwasher - 1.258 0.55 2.29 
090 
(- 9.32 ) 
cs tý mcýý .6 6ýgni 
ýicuný 0. I' ý ire 6 Level, 
signiFicant' ab' 1°/0 level 
(Ö cvlGýthc. t, O '" correlaHoh of. the Crvr ttm 
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Econometrically, the results of the three sets of single variable 
regressions are of mixed quality. The majority of values for 
R2 and the Durbin-Watson statistic are low, both suggesting the 
omission of important determinants. However, each of the single 
variable equations represents only a part of the full specification 
in equation (3.22) and so this result is to be expected. Of more 
importance is that in each component equation the simple 
regression coefficient has been estimated with an acceptable level 
of statistical significance. Moreover the broad similarity of 
regression coefficients within each table suggests that the 
-normalisation procedure developed in Section 3.3 performs 
satisfactorily. 
TABLE 3.9. 
Correlation coefficients between QYP , Ct and PKt 
Income Credit 
Credit 0.51 
Rel. Price 0.52 0.88 
The simple correlation coefficients, rx. xj , between the three 
independent variables are shown in Table 3.9. Substituting 
these values into equation 
(3.43) suggests that the income, credit 
and relative price coefficients produced in the single variable 
regressions are overstated 
by 77%, 113% and 105% respectively. 
Adjusting each of the single variable regression coefficients given 
in Tables 3.6,3.7, and 3.8, produces simulated multivariate 
regression coefficients comparable 
to those of equation (3.22). 
These estimates are shown 
in Table 3.10. 
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TABLE 3.10 
Simulated Multivariate Coefficients 
Appliance Income 
Coefficient 
Credit 
Coefficient 
Price 
Coefficient 
Washing Machine 0.00460 0.00550 -0.394 
Refrigerator 0.00410 0.00490 -0.551 
Freezer 0.00330 0.00470 -0.675 
Fridge Freezer 0.00440 0.00570 -0.567 
Vacuum Cleaner 0.00400 0.00470 -0.587 
Iron 0.00380 0.00500 -0.618 
Kettle 0.00400 0.00480 -0.628 
Blanket 0.00900 0.00550 -0.613 
Tumble Dryer 0.00640 0.00850 -0.349 
Dishwasher 0.00370 0.00530 -0.614 
Average 0.00473 0.00548 -0.557 
The coefficients given in Table 3.10 do not relate to the 
individual appliances listed. Instead, each gives an estimate 
of the coefficients in equation (3.22) which describe the ownership 
of a hypothetical durable. Individual identities have been 
removed by premultiplication of each set of independent variables 
by aoJ and SJ. t-1 
(a 
j- 
SJ. 
t-1). 
Averaging the ten estimates to 
find the mean relationship produces equation (3.45). Simulating 
ownership in the ten sets of data using this equation gives the 
results in Table 3.11. 
z41 Sjt = Sjt-1 (a. - Sjt-1) (0.00473LYt + 0.00548 Ct - 0.557 PKt) (3.45) 
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TABLE 3.11 
Appliance 
2 
ryý =R D. W. 
Washing Machine 0.66 1.45 
Refrigerator 0.71 1.43 } 
Freezer 0.91 0.73** 
Fridge Freezer 0.86 1.29' 
Vacuum Cleaner 0.39 1.61 
Iron 0.45 1.33* 
Kettle 0.67 2.56 
Blanket 0.79 0.8l** 
Tumble Dryer 0.84 0.76** 
Dishwasher 0.65 1.88 
Significant evidence of auto correlation at the 5% level 
Durbin Watson statistic falls into the inconclusive region 
Results obtained seem reasonable. With the exception of the 
equations for vacuum cleaners and irons, descriptive power of 
the synthetic equation is good, particularly for an equation of 
first differences where the dependent variable usually shows more 
variation than in a series of annual levels. 
Variable coefficients in the simulation model are clearly not 
least squares estimates. There are large differences between 
the coefficients of equation (3.45) and those estimated in the 
equations of Section 3.3. Of the two sets of estimates, the 
simulation coefficients can be more forcefully defended for 
reliability since their construction ensured that the ceteris paribus 
condition was upheld. Coefficients produced from the multivariate 
analyses showed considerable bias due to multicollinearity and proved 
statistically unreliable for the same reason: 
'O9 
The income, credit and price elasticities suggested by the 
simulation estimates of Table 3.10 are given in-Tables 
3.12 and 3.13. Translation from coefficients to elasticities 
restores separate appliance identities through multiplication 
-S it-1) 
X. ßß't Elasticities by the quotient aoJ S it-' 
(a 
iJ 
in Table 3.12 are averages for the whole sample periodI 
(1962-1977), whilst those in Table 3.13 relate to the final year 
of the sample period. 
Although for the majority of appliances the explanatory power 
of the simulation equations is good, particularly for a specification 
of first differences, their use as forecasting tools is limited; 
firstly by the proportion of variation which remains unaccounted 
for and secondly by the low values of the Durbin-Watson statistic. 
Table 3.11 indicates that only in two out of the ten cases is there 
no evidence of serial correlation of the error term. Varying 
degrees of autocorrelation in the remaining equations suggest 
that either the economic specification of the simulation equations 
is incomplete or that the estimation technique has given some 
weight to the stochastic variations in ownership levels. 
TABLE 3.12 
Ownership Elasticities* 
Appliance 
p f% AY t 9 
Ct 9 PKt 
Washing Machine 0.492 0.461 -0.311 
Refrigerator 0.503 0.471 -0.491 
Freezer 0.372 0.414 -0.513 
Fridge Freezer 0,403 0.473 -0.404 
Vacuum Cleaner 0.595 0.555 -0.647 
Iron 0.547 0.601 -0.700 
Kettle 0,499 0.470 -0.565 
Blanket 0.734 0.376 -0.399 
Tumble Dryer 0.483 0.554 -0.199 
Dishwasher 0.442 0.508 -0.296 
ý` Average over the sample period 
1 Except fridge freezers, 1967-1978 
1 10 
TABLE 3.13 
Ownership Elasticitiesl 
Appliance 9AYp 9Ct 9 pKt 
Washing Machine 0.217 0.425 -0.227 
Refrigerator2 2.194 4.312 -3.608 
Freezer 0.237 0.555 -0.593 
Fridge Freezer 0.272 0.580 -0.430 
Vacuum Cleaner 0.182 0.355 -0.330 
Iron 0.323 0.700 -0.641 
Kettle 0.175 0.346 -0.337 
Blanket3 -0.022 -0.107 0.143 
Tumble Dryer 0.224 0.489 -0.149 
Dishwasher 0.141 0.323 -0.280 
1. Last year of sample period (1977) 
2. Elasticities overstated through near constant owner- 
ship over last two years of sample period. 
3. Ownership declined over last two years of sample period. 
Because of the high relative size of stochastic noise to causal 
movements in models of first differences, it is likely that each 
of the simulation parameters carries some bias. Intuitively 
the income coefficients and elasticities, which are mathematically 
comparable to those from a model of annual levels, seem low, 
particularly when relating, as they do, to a permanent income 
variable. Credit and price coefficients are not similarly 
equivalent to their long run counterparts and intuitive comparison 
is not possible. The coefficients are more of a short 
run nature and the sizes of the elasticities seem reasonable, 
although it is again possible that some bias may be carried through 
association with the error term. 
Of the two sets of elasticities, those for the end of 
the sample period show a more logical distribution of preferences 
than do those for the whole sample period. Nevertheless, the 
lack of differentiation between appliances in the equation, even 
after separate identities have been restored, is a cause for 
concern and is again indicative that the autocorrelation 
encountered may be of some consequence. For a satisfactory 
forecasting model it is necessary to assume that no weight is 
given to the stochastic variations. In a model of first differences 
this assumption carries more practical importance than in a 
model of annual levels. 
The next section attempts to overcome the problems of 
biassed coefficients and attempts to improve upon the results 
derived here. Specifically, the section sets out to develop 
a set of equations which are satisfactory for forecasting. 
3.6 A Forecasting Model of Appliance Ownershi 
Apart from not having a rigorous theroetical base, equations 
in the last section are also disadvantaged through autocorrelation 
(and the suggestion of biassed coefficients) and possibly still 
through an over' simplified specification. Both problem areas are 
dealt with here and improvements attempted. The most serious 
estimation defects of the original first difference models were 
that all variable coefficients frequently assumed signs contrary 
to a priori expectations. These defects were then attributed 
wholly to multicollinearity. However, autocorrelation evidence 
from the simulation model suggests that the contrary signs may 
result from an omitted variable. 
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Section 3.4 showed how signs and magnitudes of regression 
coefficients become indeterminable when a relevant independent 
variable is omitted from the specification. Each regression 
coefficient partly reflects the omitted variable and may, if the 
correlation between omitted and included variables is sufficiently 
strong, take a sign opposite to that suggested by the individual 
effect of the included variable. 
Expectations of a positive sign for the credit variable included 
in equation (3.22) were forecasts of a composite effect; the 
combination of new domestic credit extended and the amount of 
domestic credit outstanding. Separately it could be argued that 
the first should positively influence appliance ownership and that 
the second is negatively related to ownership. To expand the 
specifications of equations (3.22) and (3.46) and remove this 
suggested over-simplification, the second credit variable, the 
amount of credit outstanding per household, is now included as 
a separate independent variable. 
Inclusion of this additional variable comes only after the mathemat- 
ical form of the model has also been changed. Analyses so far 
have focused upon the use of the differential form given in 
equation (3.20). Problems associated with this form, in 
particular the close relative size of causal changes and stochastic 
noise may be relieved through a return to an analysis of levels. 
This is depicted in equation (3.47) although in the analysis the 
time variable has been replaced by a set of causal economic 
factors, X1. Full specification of the changed model is given 
in equation (3.48). 
dY=bY(a-Y)dt (3.20) 
Y= by (a-Y)t (3.47) 
where t= bij Xit 
and bid = öY jt 
Xit 113 
1 
Sjt = aojsjt-1 (a. - Sjt-1) (boj + blj Yt + btj PKt +b 3j 
C lt + bl 
4j 
cd 
where, S. t = percentage of households owining appliance j in year t. 
a. = saturation ownership level of appliance j. 
YP = real permanent disposable income per household. 
PKt - real price of durables. 
Ct = credit outstanding on durables per household at 
constant prices. 
Ct = credit extended on durables per household during 
year t at constant prices. 
(3.48) 
A number of other detailed changes have been made to the specifications 
of particular appliances. Firstly, the ownership of irons-is assumed 
to be at saturation level. No equation has been estimated to describe 
the small fluctuations in ownership penetration of between 95% and 97% 
that have occurred over the sample period. For forecasting, the 
average ownership level recorded over the last seven years of the 
sample period (96.9%) is taken as an indication of irons' asymptotic 
penetration. 
Specifications for monochrome televisions and for cabinet dryers 
have also been changed. Both appliances are competing with 
relatively new introductions to the domestic market offering higher 
consumer utility. The ownership of monochrome televisions is 
declining as the ownership of colour televisions rises and the ownership 
of cabinet dryers is declining in favour of tumble dryers. Ownership 
of both monochrome televisions and of cabinet dryers has therefore 
been related to the ownership of their respective competing durable. 
For cabinet dryers, the specification additionally includes a time 
1. This equation can also be written in the form below, which is used 
later in the text. 
Sjt ` boj + öjSjt-1(aj-Sjt-1)(b' 
YP+ b 2j F'Kt + b'3k Ct+ b'4j Ct) 
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trend to reflect the further decline in ownership induced by 
the growing proportion of washing machines which offer 
partial drying facilities. 
Each equation still refers to the ownership of a hypothetical 
appliance, similar to the equations of Section 3.5. Because 
of the inclusion of the two terms aoJ and S it -1 
(a 
i-S it-1) 
the group of twelve equations (irons are excluded) is homogenous. 
This facilitates more reliable estimation through the use of an 
enlarged sample in a pooled equation. Problems of collinearity 
between variables, which proved restrictive in the estimation of 
equation (3.22), are specific to the sample and not the population. 
They vary inversely with sample size and are usually attenuated 
through introducing more variation amongst the independent variables. 
Only ten of the twelve appliances have been included into a 
pooled sample. Monochrome televisions and cabinet dryers, 
both of whose ownerships are declining, have been omitted. 
Separate equations have been estimated for each of these appliances; 
the results are shown in Table 3.14. Figures in parenthesis are 
t-statistics. 
TABLE 3.14 
Appliance 
I 
Const. C V'1/ TDý2ý 
Monochrome 95.311 -0.954 
'. K dt 
Television ( 195.61) (-56. 
*41)' 
t 
ý2ý 
R2D. W. 
0.99 1 2.56 
Cabinet 10.802 -0.434 -1.591 0.89 0.76(t) 
Dryer ( 17.90) (-3.735) (-3.4t) 
mh ýi B'/o level.. 
Notes se e ice- 4 trioýj 
cörVvýee[1iký 0 r), 
(1) Equation used as follows; S, t= 
do + dl CTVt, where CTVt are fitted 
values of the ownership of 
2olour televisions derived from equation 
(3.48). Figures given in the two columns are estimates of do and d 
(2) Equation used as follows; S, = do + dl TDt +d Log (time), where 
TD are fitted values of tur le dryer ownership. 
figures in the 
three columns are estimates of do, dl and d2. 
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Parameters estimated for these two appliances are reasonable. 
There are no conflicts with a priori reasoning over the signs 
of coefficients and all are statistically well defined. Explanatory 
power of each equation is good but there is evidence of auto- 
correlation in both, negative in the monochrome television equation 
and positive in the cabinet dryer equation. Autocorrelation 
in this latter equation may still reflect an over-simplified 
specification. In particular, the adequacy of time as a proxy for 
the declining need for a separate drying appliance is questionable. 
Systematic error term variation in the monochrome television 
equation is largely imported from the colour television equation 
through the use of fitted ownership levels as an explanatory 
regressor. Again the specification may be over-simplified, 
causing successive over and under adjustment between following 
observations in the absence of other relevant variables. Unfortu- 
nately the small number of observations 
(10) precludes development 
of a more imaginative specification. 
Equations for each of the ten remaining appliances are taken from 
pooled estimations, the general form of which is shown in 
equation (3.49). 
St = ao S't-1 (a - S. t-l)(b o+ 
bl 
l 
Yt + bI 2 
PKt + b'3 Ct+ bI 4 
Ct 
jJJ. JJJJJJJ 
+ ýl D1 +C D2 +C 3D3 + .. """. + Cn-1 Dn-1 
+ d1 D1 YP + d2D2 YP + d3D3 YP+ ..... + dn_1 YP t 
+e1D1 PKt + e2D2 pKt +e3D3 pKt + ... + en-1 Dn-1 pKt 
+ f1DIC t+ f2D2Ct + f3D3C t+..... + fn-1 Dn-1 Cit 
+ g1D1Ct + g2D2C2 + g3D3Ct + .... + gn-1 Dn-1 cd (3.49) 
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where, Dl, D2, ......... , Dn_l are a series of dummy variables 
relating to a group of n appliances. Each variable takes the 
value 1 for a particular appliance and is set to zero for all 
other appliances1. 
The principles and assumptions underlying the use of pooled 
models are discussed in Appendix II. Equation (3.49) is -an 
abbreviated form of the most general model since no dummy 
variables have been included to distinguish separate time periods 
and so test the stability of relationships over time. Based on the 
previous work of this study which found strong evidence of logistic 
behaviour in appliance ownership, it has instead been assumed that 
within the logistic framework relationships remain stable. Without 
the trend analysis of Section 3.2 and the simple regressions of 
Section 3.5 this would be a severe assumption. Results from that 
work suggest, on the contrary, that the assumption is defen. sible. 
The five sets of dummy variables which have been included 
in equation (3.49) each relate to differences between individual 
appliances. Although pre-multiplication of each data set by 
ao. Sjt-1 (a. - Sjt -1) 
has supposedly normalised ownership patterns 
to represent a common hypothetical durable, it was premature 
to assume before testing that this transformation is correct. 
Rather it is for the data to validate or reject the assumption. 
The second, third, fourth and fifth sets of dummy variables set 
out to do this. Each term is a differential slope variable which 
compares the partial regression coefficient arising from an 
individual appliance to the base relationship. Should the 
(1) A combined sample of n sub samples can only useýa maximum 
of n-1 dummy variables to distinguish separate components. 
Using n dummy variables produces perfect multicollinearity 
since D1 + D2 + D3 + .......... Dn-1 + Dn 1 
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differential slope variable prove statistically insignificant, 
that would suggest that there is no significant difference between 
the partial regression coefficient of the individual appliance and 
the base relationship of the model. Validation of the assumption 
of homogeneity across appliances would therefore be indicated 
by insignificant estimates for all of the d, e, f and g coefficients. 
The remaining set of dummy variables, the first set, is attached 
to the constant term. Their function is similar to the differential 
slope variables but it is not possible to infer that they should 
appear statistically insignificant. Indeed this is not even desirable. 
When the normalisation across appliance type to an hypothetical 
durable was developed in Section 3.4, the dependent variables 
were each expressed in annual changes. None of the equations 
carried an intercept term, for to have done so is equivalent to 
specifying time as an independent variable in equation (3.48). 
Scale was not important to these equations and it was of no 
consequence to the theory whether ownership was progressing at 
2% per annum from a penetration of 20% or from a penetration of 
50%. However with the analysis returned to the use of annual 
ownership levels, each equation must include a constant term to 
reflect scale. Translating this to a pooled specification necessi- 
tates the inclusion of a constant term and (n-1) differential 
intercept dummy variables. Differences in the levels of appliance 
ownership will lead to significant estimates for some of the 
intercept terms. 
Two pooled models have been estimated. The first uses a 
sample of 100 observations comprising ten appliances and 
the second a sample of 128 observations comprising eight appliances. 
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Colour televisions were not widely available until 1968 and 
after allowing for the lagged values of Sit in aoj Sit-1 
(ai - Sit-1) it is only possible to estimate a pooled model including 
all ten appliances using data commencing with 1969. The 
second model omits colour television and fridge freezers 
(first available in 1962/ 63) and estimates a-relationship 
covering eight appliances between 1962 and 1978. Results 
of these two estimations are given in Tables 3.15 and 3.16. 
Only those dummy variables which proved statistically 
significant at the 5% level have been included in the final 
estimation of each model. 
Results of both estimations are encouraging. Of the 36 
differential slope variables used in the first model and the 
28 used in the second model, only a handful in each case proved 
statistically significant. These displays of homogeneity lend 
considerable support to the normalising procedure adopted in the 
last three sections. Moreover the use of an enlarged and 
demonstrably homogeneous sample has facilitated the statistically 
precise estimation of regression parameters 
(all of which carry 
the correct sign). 
Comparing results of the first and second models demonstrates 
that changing both the appliance mix and the sample period 
causes moderate, though not severe, changes in parameter 
coefficients (most noticeably the two credit variables). Given the 
temporal stability of both equations (suggested by the logistic 
trends of Section 3.2) a large part of the differences between the 
two sets of results may be attributed to the omission of colour 
televisions from the second equation. 
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TABLE 3.15 
Results of Estimating Equation (3.49) For A Sample 
of Ten Appliances Over Ten Years 
Variable Coefficient 
St. 
Deviation 
t- 
Statistics 
Constant 68.924 0.698 98.73 
Y 0.00289 0.000130 22.29 
t 
"Kt -28.702 1.300 - *22.08 
CI - 0.0917 0.0186 - 4.94 
Ct 0.103 0.0198 5.19 
f-4 
D -67.313 1.246 - 54.01 
D3 -65.141 1.280 - 50.88 
D4 -66.043 0.602 -109.78 
D5 19.247 0.640 
V_K 
30.07 
D7 -68.293 1.102 - 61.96 
*IK 
D8 -20.299 0.680 - 29.86 
4Lt 
D9 -67.263 0.777 - 86.58 
D Y P - 0.00251 0.000229 
X 
- 10.97 7 t 
D6 pKt - 2.147 0.274 - 7.83 
4-t 
D p 25.367 2.228 11.38 7 Kt 
D7Ct 0.0864 0.0208 4.15 
41 
D C 0.0452 0.0178 2.53 1 t 
D3Ct 0.0164 0.00623 
I 
2.63 
D7Ct - 0.0691 0.0218 - 3.16 
RZ = 0.998 
Durbin-Watson statistic = 1.26 ( tnconcll&SZy¬. ) 
ot--ý1"%14LURX 
Notes: "* vri Pi Lunt- 
Dl = Tumble Dryer 
D3 = Freezer 
aý i 
C/9 
keve 
D5 = Vacuum Cleaner 
D6 = Kettle 
DA = Fridge Freezer D, 7 = Colour Television 
D8 = Blanket 
D9 = Dishwasher 
1. This constant is equal to bo., as given in the alternative 
definition of equation (3.48 , 120 
TABLE 3.16 
Results of Estimating Equation (3.49) For A Sample 
of Eight Appliances Over Sixteen Years 
Variable Coefficient 
St. 
Deviation 
t- 
Statistic 
x1- 
Constant 68.096 0.915 74.38 
pY 0.00241 0.000200 
4. 
12.03 
P 
PKt -21.560 1.467 -14.70 
w 
Ct - 0.0544 0.00956 - 5.69 
Ct 0.0488 0.00773 6.31 
116 4 
D1 -67.023 1.131 -59.26 
D2 23.608 1.556 15.17 
V-4 
D4 -19.336 0.617 -31.34 
fl- 
D5 -66.617 0.908 -73.35 
D7 -64.706 0.788 -82.16 
p D3 Yt 0.00117 0.000218 
ft 
5.36 
D6 Yt 0.00118 0.000201 5.86 
D3 pKt -12.303 1.642 - 7.49 
D6 PKt -10.137 1.491 - 6.80 
D1Ct 0.0306 0.00839 3.64 
D2Ct - 0.0413 0.0136 - 3.05 
R2 = 0.998 ' Sete cA G' ) 
01 "ýuhön Durbin-Watson statistic = 1.19 
Lkhv (LV 'D'14 kCVCx 
Notes bt%%ýicuhý CkV 170 ýeveý 
Owing to the omission of colour televisions and fridge freezers 
from this estimation, the dummy variable configuration in the 
above equation is different from that of the equation in Table 3.15. 
D1 Freezer 
D2 Vacuum Cleaner 
D3 = Kettle 
1. As note 1 in Table 3.15. 
D4 = Blanket 
D5 = Dishwasher 
D6 = Refrigerator 
121 D7 =Tumble Dryer 
A significant proportion of colour television sets are rented 
rather than purchased. In all four partial regression 
relationships estimated in the first model, colour television 
data showed marked variations from the base sample relation- 
ships. Price and income coefficients were both well below 
the sample norm suggesting that the impact of television 
rentals cannot be wholly accommodated within the long run 
framework of the model specification. Coefficients of both 
credit variables were similarly affected. Since data for 
television ownership disaggregated between purchased and 
rented sets are not available, there is no alternative but to 
again adopt a single equation model for ownership. 
Tumble dryers, freezers and kettles also showed significant 
deviations from the base relationship of the first model though 
in each case the deviations were rather smaller than those 
recorded for colour televisions. Nevertheless, freezers and 
kettles showed further significant departures from the main 
relationship in the second estimation again suggesting that for 
both, the standard normalisation procedure is over-simplified. 
For kettles the departure from the main relationship is under- 
standable. Their low price relative to other appliances makes 
them unique from the remainder of the sample. Freezers and 
tumble dryers however fall squarely into the mainstream of the 
durable sample. Their departure from the base relationship 
can be interpreted in the context of their relatively recent 
introduction into the U. K. domestic market.. Whilst both 
appliances conform to the common price and income relationships, 
both show higher credit responsiveness. In the absence of 
extended ownership data bases for these appliances there is little 
which can be done to investigate ownership patterns in more 
detail. Consequently the relationships suggested in Table 3.15 
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are put forward as reasonable given available data, although 
each still indicates room for specification improvements. 
Estimates in Table 3.15 are preferred to those in Table 3.16. 
Apart from the higher levels of statistical significance of the 
price and income variables, estimation with the full pooled 
sample produced a more homogeneous equation. Removal of 
colour televisions from the set of differential slope variables 
in Table 3.15 leaves just three other terms. In Table 3.16 
(which is estimated without colour televisions) there are double 
this number. Data reliability may be partly responsible for 
the differences since it is likely that some early observations 
are interpolations between sample surveys two or more years 
apart. But the second estimation also shows that fridge freezers 
(also omitted), contributed significantly to the stability of the 
base relationship. From a forecasting viewpoint, preference 
for an equation drawing upon more recent data sets and with a 
larger number of observations for each year (improving the' 
emphasis on long run parameters) again favours the first 
relationship. Table 3.17 presents the results from Table 3.15 in 
more conventional form. 
TABLE 3.17 
Coef es 
Appliance Y P Ci C Constant t Kt t t 
Washing Machine 68.924 0.00289 -28.702 -0.0917 0.103 
Refrigerator 68.924 0.00289 -28.702 -0.0917 0.103 
Freezer 3.783 0.00289 -28.702 -0.0917 0.119 
Fridge Freezer 2.881 0.00289 -28.702 -0.0917 0.103 
Vacuum Cleaner 88.171 0.00289 -28.702 -0.0917 0.103 
Kettle 68.924 0.00289 -26.555 -0.0917 0.103 
Colour Television 0.631 0.00038 - 3.335 -0.0053 0.0034 
Blanket 48.625 0.00289 -28.702 -0.0917 0.103 
Tumble Dryer 1.611 0.00289 -28.702 -0.0917 0.103 
Dishwasher 1.661 0.00289 -28.702 -0.0917 0.103 
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Only the income coefficients in Table 3.17 are theoretically 
comparable to those derived in the simulation exercises of 
Section 3.5. Specification changes to the original credit 
variable preclude further direct comparisons but by adding 
the coefficients of Ct and Ct in Table 3.17, a composite credit 
coefficient is obtained which shows close resemblance to the 
simulation estimates of the earlier table. No such analogies 
can be made with price. The same variable has been used for 
both the model of annual changes and the model of annual levels. 
Comparison of the two sets of estimates shows little common 
ground, instead demonstrating the conventional differences 
between short and long run parameters. 
All income coefficients in the pooled model are lower than the 
simulation estimates. Overstatement in the latter resulted 
both from correlation with the omitted credit variable (which 
carries a positive sign) and from the high relative size of 
stochastic ownership changes to yearly increments in permanent 
income, (causing the income variable to reflect part of these 
random movements). Consequently, the regression estimates 
are more satisfactory since the specification of the annual levels 
model has reduced the possibilities of biassing parameter 
estimates. Empirically it is surprising that the two sets of 
estimations have come as close as they are. 
Results of the pooled estimations are clearly preferred to 
the multivariate regressions of Section 3.3 (Table 3.5) under 
both economic and econometric criteria. Due to the incidence 
of severe multicollinearity between the independent variables, 
many of the coefficients in the regressions in Table 3.5 carried 
the incorrect sign. Although serial correlation between 
regressors remains high in the pooled model, the extra data 
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variability across appliances reduces the severity of 
multicollinearity to within tolerable levels. 
The early regression equations were not unduly troubled 
by auto correlation. Durbin-Watson statistics in Table 3.5 
indicate only mild positive autocorrelation in a few of the 
equations. Table 3.11, on the other hand, shows that the 
simulation equations are more seriously autocorrelated. 
With only two exceptions, the Durbin-Watson statistics are 
each very low suggesting positive serial correlation. 
Assessing the pooled model for autocorrelation is more 
difficult. Autocorrelation is not defined for cross-sectional 
samples since temporal spacing of observations is absent. 
Any apparent serial correlation can be remedied by re-arranging 
the observations to produce a more random distribution of 
errors. Since a pooled sample consists of a time series of 
cross-sections, it is not clear how, if at all, autocorrelation 
is manifest. Kouris (53) has noted similar 
problems of interpretation and has pointed out the irrelevance 
of the Durbin-Watson statistic as an indicator of serial 
correlation in pooled estimations. 
The error term in a pooled model can be expressed as a 
composite term, as in equation (3.50). Assumed homogeneity 
through time simplifies the error term of equation (3.49) to 
equation (3.51). 
eft = ui + vt + Wit 
e, = u. + W. Jt J it 
where, eft 
U. = 
3 
vt = 
wit= 
the error term of the pooled model 
the cross sectional component 
the time component 
a random component satisfying the 
stochastic assumptions of OLS 
(3.50) 
(3.51) 
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Incorporating differential intercept and differential slope 
dummy variables in estimation of a pooled model sweeps 
out the ui effect to leave an error term satisfying the 
assumptions of OLS. With only slight re-arrangement the 
covariance method of pooling1 (as this technique is known) 
provides a means of assessing autocorrelation in combined 
time series and cross sectional samples. 
Equation (3.52) expresses a model of first order autocorrelation 
for a pooled sample of K cross-sections. Severity of the 
autocorrelation can be assessed through the statistical signific- 
ance of the f estimate and through the significance of the 
regression as a whole. Applying equation (3.52) to the errors 
from the model in Table 3.15 produces the results given in 
Table 3.18. 
ekt p ekt-1 + A*1Dlekt-1 + /\2D2ekt-1 +''''''+ 
%k-1Dk-lekt-1 (3.52) 
TABLE 3.18 
Variable Coefficient 
St. 
Deviation 
t- 
Statistic 
e -0.0768 0.2785 -0.28 kt-1 
e D 0.391 1.005 0.39 l kt-1 
D2ekt-1 0.585 0.405 1.44 
D3ekt-1 0.0266 0.388 0.07 
D4ekt-1 0.125 0.616 0.20 
D5ekt-1 0.248 0.447 0.55 
D6ekt-1 -0.265 0.393 -0.67 
D7ekt-1 -0.418 0.416 -1.01 
D8ekt-1 0.995 0.306 3.25 
D e 0.139 0.396 0.35 9 kt-1 
R2 = 0.406 
F statistic = 6.093 
Ehe 5 °kZ keve\ 
1. See Johnston (54 ) 
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With (10.88) degrees of freedom the critical value of F is 
approximately Z. 53. Since the F statistic produced from 
equation (3.52) clearly exceeds this, it is concluded that equation 
(3.49) does suffer from autocorrelation. Table (3.18) suggests 
that it is the ninth element of the cross-section, blankets, which 
violates the non-autoregressive assumption with near perfect 
serial correlation (P'= P ""8 D8 = 0.918). 
The result is partly understandable, though not expected, since 
the penetration of electric blankets has changed little over the 
sample period suggesting virtual saturation of ownership. 
Because of this, and because the autocorrelation coefficient 
is close to unity, the conventional transformation for auto- 
correlation (equation (3.53)) has not been undertaken. Instead, 
serial correlation in this part of the sample is accepted as a 
limitation of the analysis. No other appliances appeared 
troubled by first order autocorrelation. Second and third order 
autoregressive schemes proved similarly insignificant. 
sit - P' S; t-1 = ri 
(Xit -P' Xit-1) 
i=o 
(3.53) 
With only a few (and minor) limitations in an otherwise 
satisfactory set of estimations, the equations in Table 3.17 
are adopted as the basic forecasting tools to describe households' 
ownership of the major domestic appliances. They are 
supplemented by the two equations in Table 3.14 which describe 
the ownership of monochrome televisions and of cabinet dryers 
and by the average 96.9% penetration of irons over the sample 
period. The full set of ownership equations, numbers (3.54) 
to (3.66) are listed below. Elasticities produced from these 
equations are given in Tables 3.19 and 3.20. Table 3.19 
gives averages over the whole sample period and Table 
3.20 
gives point elasticities 
for 1978. 
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Washing Machine 
St = 68.924 + 0.001618St-1 (80 - St-1)(0.00289Y 
-28.702PKt - 0.09179 + 0.103Ct) (3.54) 
Refrigerator 
S. = 68.924 + 0.002156St_i (86-St-1)(0.00289Yp 
- 28.702PKt - 0.0917Ct + 0.103Ct) (3.55) 
Freezer 
St = 3.783 + 0.012697St-1 (34-St-1) (0.00289Yp 
-28.702PKt - 0.0917Ct + 0.119ct) 
(3.56) 
Fridge Freezer 
St = 2.881 + 0.024800St-1 (19-St-1)( 0.00289YP 
- 28.702PKt - 0.0917Ct + 0.103Ct) (3.57) 
Vacuum Cleaner 
gt = 88.171 + 0.000822St-1 (100-St-1)(0.00289YP 
-28.702PKt - 0.0917Ct + 
0.103Ct) (3.58) 
Iron 
st = 0.969 (3.59) 
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Kettle 
s= 68.924 + 0.001050St_1 (100-St_1)(0.00289YP 
-26.555PKt - 0.0917C' + 0.103Ct) 
(3.60) 
Colour Television 
St = 0.631 + 0.007120St-1 (100-St-1)(0.00038YP 
-3.335PKt - 0.0053Ct + 0.0034Ct) 
(3.61) 
Monochrome Television 
St = 95.311 - 0.954 SCTV 
t 
(3.62) 
where SCTV = fitted colour television ownership level. 
,t 
Blanket 
St . 48.625 + C. 002674St-1(54-St-1)(0.00289YP 
-28.702PKt - 0.917Ct + 
0.103Ct) (3.63) 
Tumble Dryer 
s=1.611 + 0.005940St_1 
(30. St_1)(0.00289Yp 
-28.702PKt - 
0.0917Ct + 0.103Ct) (3.64) 
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Cabinet Dryer 
St = 10.802 - 0.434S A-1.591 t 
where STD = fitted tumble dryer ownership level 
t 
t= time trend 
Dishwasher 
(3.65) 
St = 1.661 + 0.006855St-1(20-St-1)(0.00289YP 
- 28.702PKt - 0.917Ct + 0.103 Ct) 
(3.66) 
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TABLES 3.19 
Ownership Elasticities1 
Appliance Yp 
9 1'Kt Ct 9 Ct 
Washing Machine 0.428 -0.489 -0.146 0.200 
Refrigerator 0.914 -1.053 -0.315 0.432 
Freezer 4.433 -4.716 -1.394 2.275 
Fridge Freezer 5.015 -5.200 -1.558 2.177 
Vacuum Cleaner 0.220 -0.251 -0.075 0.103 
Kettle 0.780 -0.811 -0.263 0.361 
Colour T. V. 0.955 -0.853 -0.126 0.101 
Blanket 0.296 -0.323 -0.098 0.136 
Tumble Dryer 2.563 -2.718 -0.815 1.139 
Dishwasher 2.345 -2.519 -0.759 1.050 
Appliance 
rC TV TD t 
Mono T. V. -0.371 
Cabinet Dryer -0.386 -0.294 
1. Average over sample period. 
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TABLE 3.20 
Ownership Elasticities- 
Appliance 9 Yp 'Kt t' 9 Ct 
Washing Machine 0.254 -0.247 -0.082 0.119 
Refrigerator 0.513 -0.497 -0.165 0.239 
Freezer 3.249 -3.151 -1.044 1.753 
Fridge Freezer 3.796 -3.681 -1.220 1.773 
Vacuum Cleaner 0.163 -0.158 -0.052 0.076 
Kettle 0.635 -0.570 -0.204 0'. 297 
Colour T. V. 0.844 -0.723 -0.119 0.099 
Blanket 0.465 -0.451 -0.150 0.217 
Tumble Dryer 2.296 -2.227 -0.738 1.073 
Dishwasher 2.249 -2.181 -0.723 1.051 
Appliance CTV TD t 
Mono T. V. -1.643 
Cabinet Dryer -1.591 -0,133 
1. Last year of sample period (1978) 
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The elasticities suggested by the pooled model show a 
more reasonable distribution than those produced from the 
simulation equations. Relatively new appliances; freezers, 
fridge freezers, tumble dryers and dishwashers, all have 
very high price income and credit price elasticities 
describing rapid penetration. Ownership of each of these 
appliances is rising through the steepest part of the logistic 
curve in Diagram 3.4. More established appliances at 
higher penetrations all have lower elasticities suggesting 
that the elastic behaviour of the four former appliances will 
moderate as ownership progresses. This trend is further 
illustrated by comparison of the elasticities averaged over 
the sample period to those produced for the last year of the 
sample period. 
For each appliance, price and income elasticities are of 
similar magnitude (although opposite in sign). This similarity 
is common in regression analysis, particularly when both 
variables have been changing smoothly over time and by 
broadly similar proportionate amounts. That income and 
price elasticities are all larger than their accompanying 
credit elasticities is also understandable. Both former 
variables have long run effects and in each year contain part 
of the price and income variations of previous years as well 
as those of the current period. When corrected for these 
past influences the two sets of elasticities are of comparable 
size. For example, only approximately 26% of each income 
elasticity is attributable to current income. Rather less of 
each price elasticity is attributable to the influence of 
current relative price. 
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DIAGRAM 3.4 
Sjt 
Xit. 
Following sections in this analysis incorporate this 
last set of appliance ownership equations, (3.54) to (3.67), 
into the model of total domestic power demand, which is given 
below. 
Et = Nt (Sjt ACjt) (3.67) 
where Et = combined power demand from the domestic 
sector in year t (mn kWh). 
Sjt = ownership level of appliance j in year t 
(% of households owning). 
Nt = number of domestic electricity consumers in 
England and Wales (thousands). 
AC. 
t = average annual consumption of an 
individual 
appliance j in year t (kWh). 
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Data restrictions dictate that the summation over j 
cannot be, exhaustive. Separate data are only available 
for the ownership and consumption characteristics of 
major appliances and so two additional terms are added to 
equation (3.67) to account for the power demands arising 
from sundry appliances and lighting. The final model is 
given in equation (3.68). 
Et = Nt I Z(Sýt A Cat) + St + Lt 
J 
(3.68) 
where St = the annual power demand per household 
arising from the use of sundry appliances 
(kWh) 
Lt = the annual lighting demand per household 
Section 3.7 considers average power consumptions of each 
major appliance, Section 3.8 the power demand from sundry 
appliances and Section 3.9 lighting demand. Section 3.10 
describes the number of residential consumers and Section 
3.11 summarises the full power demand model. 
3.7. The Average Power Consumption of Electrical Appliances 
Each of the appliances considered in the previous sections 
is a consumer durable. In deciding whether or not to 
purchase a particular brand of appliance, consumers devote 
attention to factors other than the price of the appliance 
1. 
Amongst the most important of these will be the quality of 
the service that the appliance provides in relation to its intended 
purpose. Other subjective qualities such as physical construct- 
ion, attractiveness of design and convenience of use will also be 
considered. It is not surprising to find that manufacturers of 
1. See for example (55) Chapter 4, page 55. 
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appliances concentrate heavily on product differentiation as 
a means of competing with rival producing companies. The 
end result of this non price competition is that none of the 
markets for electrical appliances contains homogeneous 
products. Tzanetis (49), in a study of U. K. gasoline 
demand, has noticed a similar phenomenon in the motor 
vehicle market. 
In each of the models of appliance ownership there was a. 
noticeable absence of the price of electricity from each 
specification. Electricity is a complementary input to a 
stock of electrical appliances necessary in order that services 
may be derived from the ownership of these appliances. A 
household's decision to increase utility through the acquisition 
of some labour saving or leisure providing appliance is there- 
fore a decision to consume electricity, at least at some minimal 
rate. 
However, for many non-heating appliances the costs of 
powering the appliance are significantly lower than the 
initial capital outlay required for purchasel. The long 
intervals separating times at which payment must be made for 
the service costs further reduce -consumers' awareness of 
running costs. 
There is no evidence to suggest that consumers look for 
appliances which are efficient in their conversion of energy 
.2 
into utility. Running costs do not appear to be a binding 
constraint on appliance quality in the eyes of consumers and 
within broad limits the amount of electricity that appliances 
consume shows 
little relation to the ownership level of those 
1. See for example The Handbook of Electricity Supply Statistics. 
The Electricity Council, Various years. 
2. Reference to articles published in the magazine 'Which? '' 
concerning the performance of particular consumer durables 
does not indicate any significant correlation between 'best buy' 
and the appliance having the lowest power rating. 
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appliances. An exception to this argument is the influence 
of electricity price increase shocks which change consumers' 
consumption characteristics in the short run. However, analysis 
of the effects of petrol price increases1 suggests that these effects 
are short-lived. On balance it is reasonable to suggest that 
consumers will utilise their non-heating appliances at their 
desired rate without constraint from ex ante levels because of 
running costs. 
Under such a hypothesis no direct incentive emerges for 
manufacturers to conserve the power requirements of their 
appliances. Indeed, under such circumstances it is unlikely 
that manufacturers will exploit the possibilities of improving 
product quality through increasing appliances' power ratings. 
The example of vacuum cleaners may be quoted in support of 
this conjecture. It should be noted first, however, that according 
to the Electricity Council Domestic Sector Analysis (5), from 
where the average consumption data has been obtained, part of 
the upward trend in yearly electricity consumption per vacuum 
cleaner has resulted from an increasing rate of utilisation due 
to more extensive carpeting throughout the home. Nevertheless, 
many current models are more powerful than their predecessors. 
For example, vacuum cleaners which hover have considerably 
larger motors than those which do not. Although providing the 
same basic service as earlier designs it could be argued that 
these hover models are more convenient to use. In order to 
create a product which consumers perceive as an improvement 
on earlier models, it would seem that manufacturers do increase 
the power ratings of their appliances. Increased spin speeds and 
larger load capacities for automatic washing machines and faster 
boiling times for kettles are further demonstrations of product 
differentiation through increased power consumption. 
1. See Tzanetis op. cit. 
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When a sharp change in energy technology occurs then this may 
or may not lead to a reduction in the power rating of an 
appliance. A manufacturer may choose to sacrifice the 
potential economies offered by a new technology in order to 
improve product quality and hence obtain some competitive 
advantage over rival manufacturers. Since it is inconceivable 
in the. highly competitive consumer durables markets that any 
one company should be allowed to move seriously ahead of 
competitors on product quality, the forces which' bring these 
markets to relative equilibrium are likely to perpetuate 
an inertia which steers manufacturers away from improving 
the energy efficiency of their appliances. 
The case of fridge freezers illustrates this trend. Since their 
introduction in 1966 the average annual consumption of these 
appliances has risen by some 20%. Throughout the same period 
the average annual consumption per refrigerator, which employs 
essentially the same technology, fell quite sharply. The rising 
consumption of fridge freezers suggest that there have been 
significant changes in the physical characteristics of these 
appliances. Evidence supports this proposal. Many current 
models are larger than their ancestors and most now have 
separate cooling circuits for the refrigerator and freezer compart- 
ments, Both of these developments lead directly to increased 
power consumption and it is evident that this evolution has 
persisted beyond the point at which power savings provide sufficient 
leeway for the larger double circuit designs which characterize 
new models. 
Refrigerators represent the other extreme. One could argue 
that the utility which is derived 
from the use of a refrigerator 
is now saturated and that aside 
from the intrinsic pleasure 
1. 'Which? ' July 1973 and May 1977. 
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derived from the ownership of a new durable, consumers will 
have no preference between this year's model and last year's. 
Scope for improving product quality by sacrificing the power 
savings offered by better insulation materials no longer presents 
itself and the power requirement of new appliances has declined 
as a result. This behaviour is beginning to be observed with 
other appliances such as colour televisions and eventually 
even the power requirements of fridge freezers may show some 
modest decline. 
Generally the scope for such economies is limited since the 
technology common to many appliances of heating water and 
producing motive power has been well understood for many years 
and would seem to offer little potential for improvement. Rather 
it will be the emergence of new technologies or the innovative 
application of existing technologies (such as the microwave 
oven and the tumble dryer) which are likely to cause significant 
changes in the power rating of appliance groups. 
The likely influence of future technologies is difficult, if not 
impossible, to quantify. It dictates that only a very simple 
procedure for preparing projections of appliance consumption can 
be employed meaningfully. Moreover, because of the unavailability 
of data on consumers' utilisation rates of their appliances it is not 
possible to analyse separately the two components of average 
annual power consumption per appliance. Rather, power rating 
and utilisation rates have 
had to be considered together 
Diagram 3.5 indicates that there has been little change in the 
average annual electricity consumption of most major household 
appliances. For some appliances there has apparently not 
been any change at all. 
Opportunities for explicit model 
building do not therefore present themselves and accordingly 
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only time trends have been estimated for those appliances 
whose consumption has varied during the sample period. 
The results of these estimations are outlined in Tables 3.21, 
3.22, and 3.23. Figures in parenthesis are t- statistics. 
TABLE 3.21 
Linear Trends For Average Annual Consumption 
Yt = b0 + bl(time) 
Appliance 
b0 bl 
t-stat) R2 D. W. 
Washing Machine 43.68 7.52 (15. ?; 4) 0.92 0.390 
Clothes Dryer 391.80 8.42 (27.8f) 0.99 1.00(t) 
Refrigerator 394.80 - 5.19 (11.1) 0.86 0.456) 
Fridge Freezer 490.10 10.49 (12.9 0.94 1.73 
Vacuum Cleaner 13.38 0.59 (12. 0.84 1.006 
TABLE 3.22 
Double Logarithmic Trends For Average Annual Consumption 
Loge (Yt) = b0 + bi Loge (time) 
Appliance b0 b1' (t-stat) R2 D. W. 
Washing Machine 3.85 0.43 ( 8.00) 0.75 0.26C 
Clothes Dryer 5.97 0.07 ( JI) 0.90 0.57(t) 
Refrigerator 6.08 -0.13 12. 0.88 0.78(i) 
Fridge Freezer 6.18 0.09 ( 9. 
ö) 
0.91 1.46 
Vacuum Cleaner 2.48 0.23 ( 8.4) 0.77 0.67 Ü) 
rk tsýi ýß, 15 513x% 1Picahý c, r the l°l tPwel 
1) evic\ence. oý seriak amrtlaývn of Fhe errm, ,m 
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TABLE 3.23 
Semi-Logarithmic Trends For Average Annual Consumption 
Yt = b0 + bl Loge (time) 
Appliance boy b (t-stat) R2 D. W. 
Washing Machine 13.40 3.71 ( 6.91) 0.69 0.22(t) 
Clothes Dryer 390.74 30.33 ( 7.48) 0.89 0.56(C) 
Refrigerator 430.24 -43.51 (-13.174) 0.89 . 0,871') Fridge Freezer 477.12 48.76 ( 9.0-) 0.90 1.41 
Vacuum Cleaner 10.48 4.46 ( 8.05 0.76 0.61(t) 
ýh{ ýo cVe * Siy 
CC) evv&rýCe. 01- 5crioýk currtlchon cTh 
ný iCan No evýt 
tkt chwr Vrm 
All three sets of trends account well for past average 
consumption levels. However each set also suffers from 
positive autocorrelation, in most cases severely. Although 
econometrically unacceptable on conventional grounds1, the 
relevance of autocorrelation to trend projections, where time 
stands as a proxy for all independent variables, is questionable. 
Of more concern is the fit to past data and under this criterion 
the linear trends proved superior for all appliances except 
refrigerators. For the latter, the semi logarithmic form 
showed a marginal improvement over both the linear and 
double logarithmic forms. 
For appliances which have not shown any variation in unit 
annual consumption levels over the sample period, existing 
consumptions have been used 
in the forecasts of Chapter 6 
except where a clear indication of change is now emerging 
(colour televisions). For remaining appliances, average annual 
1. 
See for example Koutsoyiannis 
(51 ) Chapter 10, page 198. 
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consumptions have been projected from the trends estimated in this 
section. The assumed unit consumptions of each appliance for the 
years to 1985 are shown in Table 3.24. 
TABLE 3.24 
Projected Unit Average Annual Consumptions of Major 
Domestic Appliances (kWh/year) 
Appliance 1978 1979 1980 1981 1982 1983 1984 1985 
Washing Machine 208. 216 223 230 238 245 253 260 
Refrigerator 297 295 293 292 290 288 287 285 
Freezer 1000 1000 1000 1000 1000 1000 1000 1000 
Fridge Freezer 611 620 631 642 652 663 673 684 
Vacuum Cleaner 25 25 . 
27 27 28 29 29 30 
Kettle 250 250 250 250 250 250 250 250 
Iron 75 75 75 75 75 75 75 75 
Monochrome TV. 250 250 250 250 250 250 250 250 
Colour Television 450 450 450 425 425 400 400 375 
Clothes Dryer 478 487 495 504 512 521 529 537 
Blanket 60 60 60 60 60 60 60 60 
Dishwasher 850 850 850 850 850 850 850 850 
38 The Demand For Power From Sundry Appliances 
So far, this study has considered only the demand for power arising from 
the major consumer durables. There are of course many other non-heating 
electrical appliances found in the. 
home. 
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The category of sundry appliances comprises the numerous 
small appliances such as toasters, mixers, percolators etc. , 
that households own. Also captured within the category are 
several large appliances, such as stereo systems, for which 
detailed data are not available. Although fairly disaggregated 
data on the ownership of these sundry appliances are now 
beginning to emerge1, statistics are not available for the years 
prior to 1974 and this prevents their separate analysis. 
However, even if enough data were available, differences in 
this category of appliances from the major electrical durables 
renders the approach adopted in Section 3.6 questionable for 
this analysis. For example, appliances in this sundry 
category are in general much cheaper than the major durables 
(with the exception of stereo systems). Because of this their. 
ownership levels may not be so dependent upon levels of 
permanent income as upon households' transitory income. 
Consequently it is likely that the acquisition of these small 
appliances does not follow the discreet preference patterns 
suggested for major durables. The category does not after 
all include those appliances which relieve consumers of large 
amounts of domestic work. A 
disaggregated study could 
therefore be argued to be inappropriate from the outset. 
The only data available for the group as a whole are those 
quoted in the Domestic Sector Analysis of the Electricity 
Council (5) which gives average annual household consumption 
of electricity by all sundry appliances grouped 
together. 
Although Diagram 3.6 shows a clear upward trend in the 
consumption data, the trend proceeds 
by step jumps. 
1. See for example The 
Handbook of Electricity Supply Statistics, 
The Electricity Council, various years. 
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This suggests that sampling was not carried out in each 
year and that omitted years have had consumptions 
interpolated by rudimentary means. Since these figures 
are the only set available, there is no option but to use them. 
DIAGRAM 3. 
Kwli / year/ consumer 
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Fortunately, the aggregate consumption of this group as 
a whole is relatively small and so the rough approximations 
made in the data will not disturb unduly the quality of the 
electricity demand model. This study proposes to use the 
data for average household electricity consumption from 
sundry appliances as a proxy for the service yield from 
the appliances falling into this category. The analogy first 
requires that several assumptions are upheld. 
First is that there is a perfect adjustment between consumers' 
desired and realised rates of appliance utilisation. The study 
assumes that usage of sundry appliances has been unaffected by 
the influences of electricity prices and income and will continue 
to remain unaffected in the future. This assumption is 
reasonable in view of the low running costs of each appliance 
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1962 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 
in this category, either through low power requirements 
(electric clocks and slow cookers for example) or through 
very low load factors (toasters for example). Moreover 
the running costs of these- sundry appliances are as hidden 
as those of the larger appliances. Since invariably smaller 
than the latter, running costs are of even less relevance to 
the consumption decision of sundry appliances than they are 
for the major electrical durables. 
The second required assumption is that power ratings of 
individual appliances change only as a consequence of changes 
in the service which each provide. Manufacturers of small 
electrical appliances are similarly aware of the unimportance 
of running costs as are the manufacturers of large electrical 
durables. Power requirements of some of the appliances 
in this category have therefore showed similar trend increases 
to those noted in the analysis of major appliances (hair dryers 
for example). This study assumes that power increases 
are reflected in the provision of a better service from an 
appliance. Within these assumptions, bearing in mind the 
precision of the sample data, the analogy between households' 
average annual electricity consumption on sundry appliances 
and their service yield from these appliances seems defensible. 
The first independent variable which may exert a considerable 
influence on service demand from sundry appliances is the 
amount of income allocated to expenditure on durables. For 
this variable expenditure on all electrical durables is used, 
the relevance of which to sundry appliances depends upon the 
preference existing between expenditure on major durables and 
expenditure on smaller appliances. In order that the variable 
may be applied here it is necessary to assume that whatever 
preference weighting exists between the two, it remains 
constant throughout the sample period. 
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This is a defensible assumption since as households' 
ownership of the various major durables matures so 
the secondary demand for the smaller appliances will 
evolve. For example, as labour saving appliances afford 
consumers progressively more leisure time, so the demand 
for entertaining and less essential appliances will develop. 
The second explanatory variable included is the price of 
durables. Other things being equal one would expect a 
conventional negative relationship between sundry appliance 
demand and own price. Expenditure on small durables is 
discretionary and consumers will be aware of the durable's 
price relative to other avenues of discretionary expenditure, 
particularly since the social status associated with the 
ownership of these secondary appliances is considerably less 
than that associated with the major durables 
l. 
Available price data represents a far broader category of 
durables than the electrical subset referred to in the 
dependent variable. However, through use of a relative price 
variable incorporating prices of substitute avenues of 
discretionary expenditure it is hoped that the price series 
adopted will be more relevant to the dependent variable than 
the original series. The price variable used has been constructed 
by dividing the nominal price of all durables by the arithmetic 
means of the prices of alcohol, tobacco, clothing and footwear, 
services and meals purchased and consumed outside the home2. 
It would have been preferable to employ a weighted average 
in the denominator but this was not considered feasible. 
Prices of large appliances were not included because of their 
considerable difference overall from the prices of appliances 
captured in the sundry category2. 
1. Stereo systems are a clear exception to this. 
2. Included in the source data after 1967. 
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The third independent variable to help explain service 
yield from secondary appliances is one to complement 
the notion of a relationship with households' service 
yield from their larger appliances. To do this a proxy 
variable is employed which shares the same construction 
as the dependent variable and rests upon the same assumptions. 
The annual power demand per household arising from the 
major appliances is used to represent the services provided 
by these major appliances. Equation (3.69) gives the final 
form of the model. 
s 
St =a o 
+a 1 
Et + a2 Pt+ a3 St (3.69) 
where St= service yield from sundry appliances 
per household (kWh/year). 
Et = real household expenditure on electrical 
appliances (L) 
Pt = relative price of all durables to other 
avenues of discretionary expenditure. 
SM = service yield from major appliances 
per household (kWh/year). 
Strong trendwise association between relative price and 
expenditure produced disappointing regression results,. 
The high degree of multicollinearity is evident in both linear 
and double logarithmic forms of the equation, (3.70) and (3.71). 
Relative price assumes an unacceptable positive sign and 
appears at only low levels of statistical significance. Figures 
given in parenthesis are t-statistics. 
gý = -1.475 + 1.119Et + 0.061 Pt + 
0.051 SM 
(-2.69 ) (3.01) (0.09) (1.58) 
R2 = 0.95 D. W. = 0.53 
c) 
* esýirnck i5- 6ighý ýi m* oºt t- \t 5% leget 
U) evidenc, c vý rcwica\ corheiatn og to error- trv 
(3.70) 
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Loge SL = -9.909 + 0.478 Loge Et + 1.599 Loge Pt 
(-4.26) (3.46) (1.49) 
+ 0.814 Loge SM 
(2.73) 
R2 = 0.97 D. W. = 1.13 t) (3.71) 
e cstzn. afL is siýr%ZI-Cur& c*r the, 5t%evct 
0 eve tr ce ok sch cýý co t*, %'t . , in 
J, ek erº-cý r Terr n 
Performing the regression using first differences of data 
in an attempt to introduce more variation between the price 
and expenditure variables did not alleviate the problem. 
In view of the unsatisfactory results an alternative, simulation 
approach has been followed in an attempt to derive meaningful 
coefficient estimates. The approach is broadly similar 
in principle to that adopted in Section 35 but again little 
theoretical justification can be given for the method. 
The two interdependent variables, households' expenditure on 
electrical appliances and the price of durables relative to 
the prices of other avenues of discretionary expenditure, 
have been combined into a single variable representing households' 
durable purchasing ability relative to their ability in other 
avenues of transitory expenditure, equation (3.72). Results 
from replacing the price and expenditure variables by the 
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purchasing ability measure are given in equations (3.73) 
and (3.74). 
PAt = Relative purchasing ability = 
Et 
(3.72) 
P 
t 
St= 15.3t2 + 90.326 PA + 0.0420 SM (3.73) 
( 3.47) ( 3.0) t(2.21) 
R2 = 0.95 D. W. = 0.56 
1X) 
Loge St=3.1 3+0.522 Loge PAt + 0.272 Loge Sit (3.74) 
(5.19 (3.8r) (1.89) 
R2 = 0.96 D. W. = 0.7410 
a. Micim"kc is sibnikckv c the. S'/o Icv'e1 
() evrenLC aý- setrvVn` C urt-eU, t on Of' Fhe. er+t (j hnj. 
Linear and logarithmic estimations both bear some resernbl- 
ance to their predecessors. In the linear form, the level of 
statistical significance of the purchasing ability variable is 
almost identical to that of the expenditure variable in the 
original model. Similarly the coefficient of the composite 
variable in the logarithmic model is close to the elasticity 
suggested for households' expenditure in the original form. 
The second stage of this simulation technique is to regress 
each of the variables combined into the purchasing ability 
variable onto the dependent variable separately. Additionally 
the single variable model has been estimated using just 
purchasing ability as a regressor. Linear results are given 
in Table 3.25 and double logarithmic results in Table 3.26 
with t- statistics in parenthesis. 
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TABLE 3.25 
Dep. 
Var. Con t 
Ei pt pý't 2 R D. W. 
S 3.086 2.107 0.92 0.63L1) 
t 
(6.19) (14.80) 
St 55.730 2.895 0.79 0.32 I1') 
(5.34) (8.14) 
gt 19.230 153.415 0.93 0.66L1) 
(7.86) (15.67) 
TABLE 3.26 
Dep. 
Var. 
Co st Loge Et Loge P t 
Log- PAt R2 D. W. 
S Log 0.703 1.021 0.93 0.71(1') 
e t 
(6.88) 4L 
4, (15.23) 
Log S 19.452 3.321 0.85 0.55(I) 
e t 
( 6.28) (10.1 
) 
St Log 5.142 0.813 0.95 0.83%) 
e 
(9.31) (18.12) 
es ZMCA ºs skVý ýiG (th the % leve ( , 4.4 ¬1 is sag ný ýi cunt aý Ehe 161 0 tev eý 
Cpl cv; &nce. oý Sew«l to4e tc tton of - tht e *, k" 
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In equations (3.73) and (3.74), the elasticities suggested 
for the purchasing ability variable are 0.455 and 0.552 
for the linear and logarithmic forms respectively. These 
figures are estimates of the composite effects of relative 
price and expenditure on the service yield from sundry 
appliances. If the multivariate estimation had been success- 
ful then it would have -been possible to 
derive these estimates 
from the separate price and expenditure components. This is 
shown in equations (3.75) to (3.78) which follow. 
ý, PA 
ýSt PA 
t_aSt 
E/ Pt 
t== (3.75) 
aPAt St a(Et/Pt) St 
From the quotient rule of calculus, 
Et 
Pt 
St 
pt Ivt-E 
'I 
ast rast 
Pt 
Since dY/ aX= (Ö X/ a 
J1 it follows that, 
2 
(3.76) 
St Et/pt Pt E 
-" =t (3.77) 
aEt/P St EtEt apt P St 
st as t 
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Collecting terms gives, 
ýPA 
'_1_ 
9Et 
-/Pt 
t 
(%Pt -9 Et) "OE. 9P 
9pt 
'JEt 
tt 
S 
where, 9 Et 
St Et 
s Et St 
s 
Pt_ 
St pt 
a Pt s: 
(3.78) 
Unfortunately multicollinearity rendered direct derivation of the 
price and expenditure elasticities infeasible. However, 
approximations to the unbiassed coefficients can be drawn from 
the six single variable regressions reported in Tables 3.25 
and 3.26. For example, Table 3.25 suggest expenditure, 
price and purchasing ability elasticities of 1.021, -3.321 
and 0.813 respectively. Combining the first two figures 
using equation (3.78) produces a second estimate of the purchasing 
ability elasticity, equation 
(3.79). 
() PAt = 
9E 
t 
QP 
t 
9 Pt -Ot 
-1.021 x 3.321 
-3.321 - 1.021 
= 0.781 (3.79) 
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The figure of 0.781 is quite close to the value of 
0.813 suggested empirically from the regression of 
service yield onto purchasing ability. A similar calculation 
for the linear regressions implies a purchasing ability 
elasticity of 0.741, again quite close to the estimated value 
of 0.773. This simple simulation procedure can be extended 
to suggest more meaningful price and expenditure elasticities 
for the multivariate equation (3.69). The method is an 
alternative simulation procedure to that used in Section 3.5 
although the first method could equally well be applied here. 
Each of the coefficients reported in Tables 3.25 and 3.26 
are likely to be overstated because of the omission of 
relevant independent variables'", Taking the two purchasing 
ability equations, the linear and logarithmic single variable 
coefficients ( 153.415 and 0.813) are significantly higher 
than the estimates (90.326 and 0.552) produced from equations 
(3.73) and (3.74) which included the service yield from 
households' major appliances as an additional explanatory 
variable. Overstatement occurs because to the extent that 
PAt is correlated with SMt, then the single variable regression 
coefficient will additionally capture part of the influence of 
the omitted service yield variable. The situation is similar 
for the regressions in Table 3.25 and 3.26 using 
1. See Section 3.4 
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Et and Pt although more complicated since two variables 
are now missing from each equation. 
Instead of simulating the overstatement in each of the single 
variable regressions using correlation coefficients (as was 
done in Section 3.5) the method employed here assumes 
that the purchasing ability elasticities of 0.773 and 0.831 
suggested from the single variable regressions (Tables 3.25 
and 3.26), are equal to the values of 0.455 and 0.552 suggested 
from equations (3.73) and (3.74) when the biasses incurred 
from an omitted variable are removed. 
Making the necessary assumption that bias imparted to 
the purchasing ability variable is equally distributed between 
expenditure and relative price components, which is defensible 
as a first degree approximation, then a 32% reduction in 
original relative price and expenditure elasticities from the 
linear estimations of Table 3.25, yield upon combination 
a purchasing ability elasticity of 0.547. Similarly a 44% 
reduction in the logarithmic estimates gives an imputed figure 
of 0.453. 
Therefore it could be argued that in the original multivariate 
equations (3.70) and (3.71) component expenditure and 
relative price elasticities are respectively 0.715 and -2.325 
for the logarithmic model and 0.592 and -1.926 for the linear 
equation. Working backwards 
from the linear elasticities, 
one arrives at'linear regression coefficients for expenditure 
and relative price of 
1.294 and -1.744. 
Introducing in place of the purchasing ability variable in 
equations (3.73) and 
(3.74) the price and income variables 
1. See Section 3.4. 
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separately will change the constant terms in both linear 
and logarithmic equations. Using ordinary least squares, 
an estimate of the new constant term may be made by noting 
that the estimate relationship must pass through the centre 
of gravity of all the observations, equation (3.80). 
snA 
ao 
_St- 
alEt - a2Pt - a3 SM t 
(3.80) 
Using equation (3.80), the final simulated. forms of equation 
(3.69) are given in (3.81) and (3.82). Elasticities produced 
from these equations are given in Table 3.27. 
St= t6.69 + 1.29Et - 1.74Pt + 0.042SM (3.81) 
R2 = 0.99 D. W. = 0.20 
Loge St- 10.58 + 0.72 Loge Et - 2.33 Loge Pt + 0.27 Loge SM 
R2=0.93 D. W. =0.20 
TABLE 3.27 
Variable Linear Logarithmic 
Expenditure 0.592 0.715 
Relative Price -1.926 -2.325 
SM 
t 
0.360 0.272 
(3.82) 
156 
Both models appear to account for past observations in 
sundry appliances' service yield quite well. Between the 
two the linear model offers a marginal improvement over 
the logarithmic form. Both Durbin Watson statistics are 
low indicating strong positive autocorrelation. This results 
largely from the nature of the data on the dependent variable. 
Figures in the Electricity Council Domestic Sector Analysis 
(5) suggest that the power consumption of these appliances 
has grown throughout the sample period in a series of step 
jumps. Common reasoning suggests that this is rather 
unlikely and consequently casts doubt upon the quality of the 
dependent variable data. 
Of the two equations the linear form is preferred. The last 
few observations of the logarithmic equation produce large 
and increasing disturbance terms suggesting an inappropriate 
mathematical form. 
The expenditure elasticity suggested in equation (3.82) implies 
that service yield is inealstic with respect to expenditure on 
small appliances. However, the estimate of 0.592 must be 
treated cautiously since it reflects the way in which the 
dependent variable has been specified. For example the 
estimate is consistent with income elastic ownership of sundry 
appliances. Acquisition of a new small appliance may overall 
only have a small impact on power 
demand because of its low 
load factor. It is conceivable therefore that ownership could 
be income elastic whilst service yield from the appliances 
remains income inealstic. 
Owing to data limitations on the 
ownership levels of individual appliances 
in this category, it 
has not proved possible to pursue a 
direct investigation of 
ownership elasticities. 
Rather, the indirect approach dealing 
with service demands 
has had to be followed. 
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The relative price elasticity of equation (3.82) indicates 
that discretionary household expenditure is highly 
competitive. Prices of electrical appliances have fallen 
in real terms throughout the sample period and their price 
relative to other avenues of discretionary expenditure has 
also declined. Relative price may therefore go a long way 
to explain the substantial rise in households' sundry 
appliance service demand over the period of investigation. 
Unlike larger and more essential electrical appliances with 
social preference patterns of ownership, it could be argued 
that the ownership of small and less essential appliances is not 
preferentially determined. Price competition for expenditure 
and price elasticities are therefore higher. 
However the third elasticity, that with respect to the service 
yield from major appliances, itself represents something of 
a preference. It indicates that a percentage increase in 
services from major appliances will stimulate a much lower 
increase in the demand for services from small appliances. 
Again the elasticity must be treated cautiously since the figure 
of 0.360 is only as trustworthy as the analogy between service 
yield and power demand. The 
figure does not infer anything 
about the elasticity of small appliance ownership. 
It is possible 
that there is a perfect adjustment between the two service 
yields and that the coefficient of 
0.360 results just from the 
lower load factors of appliances in the sundry category. 
Although of synthetic construction equation 
(3.81) is used 
in this analysis to represent 
the 3% of total domestic power 
demand arising from the ownership and use of sundry 
appliances. Coefficient estimates 
in the simulation are 
consistent with the 
tvo variable equation (3.73) which was 
econometrically 
derived. The results are further consistent 
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with results from the analysis of major appliances. 
Price and expenditure elasticities are higher. than price 
and income elasticities of the major durable study in 
agreement with a priori expectations. Forecasts of the 
average consumption by sundry appliances are made in 
Chapter 6 together with ownership and consumption forecasts 
for the major domestic appliances. 
Lighting, which accounts for approximately 8% of total 
domestic electricity demand, is considered in the next 
section. The short analysis presented completes the 
component studies of power demand. Results from all 
the components are given in summary form in Section 
3.11. 
3.9 The Demand For Domestic Lighting 
In common with non heating domestic appliances, lighting 
represents another premium use of electricity. Again the 
derived service demand, lighting, requires the input of a 
non durable commodity, electricity, to be complemented by the 
ownership of a set of durables, light fitments.. In theory then 
the service demand for lighting could be treated in an analogous 
manner to the demand 
for power. However, there are a 
number of important differences which prevent this 
from being 
possible. 
Firstly, the price barriers which constrain ownership 
saturation rates for the major 
durables are absent with 
light fitments. They are cheap enough for every household 
to afford and given the essential 
nature of the service provided, 
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it is in any case arguable whether ownership levels wc'uld 
respond to a conventional price mechanism. Since the 
ownership of light fitments is virtually saturated, this alone 
is sufficient to prevent the previous type of analysis being 
undertaken. 
The only discernible fluctuations in ownership that may 
occur will be through a gradual change in the saturation 
level resulting from a slow evolution of the housing stock. 
Modern house designs place a high priority on available 
living space and there are now many more open plan homes 
having fewer rooms than conventional designs. This trend 
has been particularly prevalent in smaller homes and it is 
reasonable to assume that these dwellings require less 
lighting than their predecessors. 
It is possible that over a long period the average number 
of light fitments owned by each household may decline as 
open plan designs diffuse into the existing housing stock. 
The current trend towards smaller homes, particularly in 
urban and suburban areas, will reinforce this decline. However, 
since both trends are essentially long term in nature 
the effects within a short run analysis (such as this) may be 
so small as to be negligible. 
Consequently this analysis has assumed that the only 
significant variation in the amount of electricity consumed 
for domestic lighting will arise from variations in the 
intensity and extent of households' use of their existing light 
fitments. 
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Introduction of fluorescent tubes into the domestic sector 
has suppressed lighting electricity demand to some extent and will 
continue to do so as penetration increases. Although 
estimates of the ownership and power requirements of 
these fitments are available', data are as yet scanty and 
would prove unreliable for forecasting. Consequently, 
it has not been possible to consider explicitly the impact 
of these fitments on electricity demand. _ .:, 
Consumers' tastes are similarly difficult to quantify. 
Lighting is no longer used in the home for purely functional 
purposes. Its role has been extended to that of an ornament 
and lighting is now used to complement the interior decoration 
of the home. This may involve the ownership and use of 
additional light fitments or it may mean that normal lighting 
levels are subdued. Although there has probably been some 
cancellation between the two effects, evidence from the early 
years of the sample period suggests that the former influence 
has been dominant. However it would be wrong to attribute 
all the rise in consumption to this one factor alone. The single 
most important influence in the electricity demanded for 
lighting has been the more extensive penetration of central 
heating. Since only just over 50% 
2 
of houses have central 
heating there is still considerable scope for the further 
influence of this factor in future years. Increasing standards 
of thermal comfort in the 
home has facilitated a more extensive 
use of those rooms, particularly 
bedrooms, which hitherto 
had not been regarded as part of 
the living accommodation. 
Removing the necessity for all members of the household to 
congregate in the two or so 
rooms heated will have led 
1. See for example the 
Handbook of Electricity Supply Statistics, 
The Electricity Council. Various years. 
2. Annual Abstract of Statistics, 
1978. 
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naturally to a higher demand for lighting as people spend 
more time moving around the house in the evenings. 
This increase has been attenuated both by the conservation 
campaign that followed the crude oil price rises of 1973/74 
and by the sharp increases in electricity prices which 
accompanied the induced increases in coal prices. Although 
the 'Save It' campaign identified lighting as one of the 
easiest end uses to conserve, through the switching off of 
unnecessary lights, the economies available are small in 
relation to total residential electricity demand. Nevertheless, 
the 'Save It' campaign and the price increases have had a 
significant effect on demand. Lighting electricity demand per 
household has not increased since 1973. 
A simple model, equation (3.83), has been developed to 
capture this small portion of total residential electricity 
demand. Signs of both variables agreed with a priori 
expectations and both were statistically significant, (t- 
statistics are given in parenthesis). The regression accounts 
well for past observations. 
Lt = 197.64 + 3.33 
qtý 
CHt - 23. 
O 
72 Dt 
(4.68) (2.00) 
(3. ß3) 
R2 = 0.86 D. W. stat. = 1.11 il) 
where Lt = average annual consumption of electricity 
for lighting purposes per household (kWh/year) 
CHt = ownership level of both part and full central 
heating systems, (all fuels) (°Jo of households). 
Dt = dummy variable, 0 prior to 1974 
1 1974 onwards 
included to capture both the effects of the 
sharp electricity price rises and also of 
the 'Save It' conservation campaign. 
e5ýtmake- cro st3n%G hV v-' Ehe. 5 fo 1eve1 
CV) tVi&nce, 4 Scrim (ortekCklýCcn oc- the e *cr term 
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Forecasting lighting demand to the period to 1985 has 
been achieved with the assistance of a trend, equation 
(3.84), to extrapolate central heating penetration to 1985. 
Results of these extrapolations appear in Table 3.28. and 
results of substituting these values back into equation 
(3.83) appear in Table 3.29. 
CH 23.10 + 3.16 (time) 
t=(4. ?) (20.94 
(3.84) 
R2 = 0.98 D. W. stat. = 2.12 
V, e6 Firn oýL ýý ýý 
kcat t aV lS yo kev 
14 estwnCf-t. ks ýi914, iw, r. & o the 
TABLE 3.28 
Projected Central Heating Penetration No of Households) 
Year Penetration 
1980 58 
1981 61 
1982 64 
1983 67 
1984 71 
1985 74 
TABLE 3.29 
Projected Annual Lighting Demand Per Household (KWh) 
Year Demand(kWh) 
1980 367 
1981 377 
1982 388 
1983 398 
1984 409 
1985 420 
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3.10 The Number of Residential Electricity Consumers 
For the purposes of this study, the number of electricity 
consumers in England and Wales has been taken directly 
from the Electricity Council's Domestic Sector Analysis 
(5). ' The analysis assumes that the incidence of households 
sharing a common electricity supply is small. This seems 
reasonable. A more serious source of error emerges from 
dwellings which have a supply of electricity but which are 
standing empty, either because they are unsold, from new 
or between successive owners, or because they are only 
occupied seasonally. 
Aside from yearly fluctuations in building rates caused by 
short term economic changes, the trend of net building 
rates must follow the demographic and sociological influences 
which determine the number of households. Other equations 
in the model are characteristically long run in nature and a 
principal requirement of the equation describing the number 
of residential electricity consumers is that it also should reflect 
long run behaviour. Provided this is accomplished, the impact 
of short term fluctuations should not be serious. 
An assumption that the analysis must concede is that 
dwellings demolished during each year were all connected to 
the grid. The assumption is reasonable for the latter years 
of the sample when the grid was complete but may be questionable 
for earlier years. However there are many more urban 
than rural demolitions and so the simplification should not 
prove restrictive. Moreover the effect of this source of 
error will partially cancel with the impacts of the first source 
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of error, multiple family 'households', and the resultant 
perturbation will be smaller than each of its components. 
Multiple family households will understate the number of 
residential consumers whilst empty dwellings will over- 
state the population. 
From the official statistics, the approximation between 
the number of domestic electricity consumers in England 
and Wales and the number of households in England and 
Wales is seen to be relatively poor. This results more 
from the official definition of a household (which has changed 
several times) than from the validity of the approximation. 
For example, a family living in its own house which takes in 
a lodger is treated as two separate households. Whilst this 
may be the most appropriate method of accounting in the 
official statistics, such a procedure is of little use to this 
study. Clearly the two households together only make up 
one electricity consumer. Since an appropriate measure 
of the number of households is not available in the statistics, 
the approximation between the number of households and the 
number of electricity consumers cannot be used directly. 
An indirect approach is adopted. 
Considering the period after 1963 by when the national 
electricity grid was complete, a plausible representation 
of the number of electricity consumers can be drawn from 
equation (3.85). 
Nt =f( Pt , NHHt) (3.85) 
where, Nt = Population of England and Wales (thousands) 
NHH = Number of persons per household 
Pt = Number of domestic electricity consumers 
(thousands) 
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For early years of the sample period the specification 
is oversimplified. Although the national grid was completed 
by 1936, rural electrification was not completed until 1963. 
During the first half of the sample period, electricity was therefore 
being made available to households which hitherto had not 
been reached by the grid network. Consequently the number 
of domestic consumers rose faster than the increases implied 
from changes in population and family size. Although the 
effect of this supply constraint will be to impart biasses to 
both variable coefficients in equation (3.85), the sizes 
of the biasses are likely to be small. Rural electrification 
was already well under way by 1957 (the first year of the 
sample period) and the percentage of increases attributable 
to rural connections would in any case be small. 
The trend of declining family size has exerted a slow 
but consistent upward influence on the number of residential 
electricity consumers. Since the driving influences behind 
this trend are both numerous and complex in their influence 
and subjective in nature it is not proposed to develop a 
sociological analysis of the decline. This abbreviated study 
instead treats household size as exogenously determined. 
Linear and double logarithmic estimations of equation (3.85) 
are given in equations (3.86) and (3.87). Figures in 
parenthesis are t- statistics. 
Nt = -3.674 + 0.7 1 Pt - 4.8 1,1 NHHt (3.86) (13.65) (7.04) 
R2=0.99 D. W. =2.01 
Log N= -5.574 + Z. 368 Log P-0.719 Log NHH (3.87) 
et (18.1') et (7.16) et 
R2 = 0.99 D. W. = Z. 04 
cst'ih, týE e, ýS sýni ticcurlt a1ý tie S 'lo \eve` 
FýCsEýýmaýe. 1S ný' twýý' wt tht, 1% Itttý 
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Both regressions account well for past numbers of 
consumers and the values of the Durbin Watson 
statistic indicate a satisfactory specification. Of the two 
equations the linear model suggests a more appropriate 
functional form. It is unreasonable to assume, as is 
implied from the logarithmic equation, that a given change 
in population or a further reduction in the number of 
occupants per household will have different effects upon 
the number of electricity consumers depending upon the 
existing number of consumers. Equation (3.86) is therefore 
adopted to represent the number of residential electricity 
consumers. 
The difficulties of developing an explicit model for the average 
number of occupants per household have already been 
mentioned. Since this gradual decline is a long term trend 
and is not likely to exhibit significant short term fluctuations, 
forecasting further reductions can be adequately achieved 
using an appropriate trend. Linear and double logarithmic 
forms are given in equations (3.88) and (3.89). 
NHHt = 3.140 - 0.01b4 (time) 
(11. (3.88) 
R2 = 0.88 D. W. = 1.63 
Loge NHHt = 1.162 - 0.035 Loge (time) (3.89) 
(9.72) 
R2 = 0.66 D. W. = 0.74 (1) 
*.. r- e. s "s ýýgnº ýicanV aý- \eve(, 
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On 'similar a priori" grounds to those u-'sed in the "choice" 
of foi-ii r: equätion tion'(the logarithmic 
equation is again rejected. Estimates of average household 
size have been made using the linear trend and are given 
in Table 3.30. Estimates required of the other independent 
variable, the expected population of England and Wales, 
have been obtained directly from official statistics'. 
These too are shown in Table 3.30. 
TABLE 3.30 
Year Pt (x 106) NHHt 
1980 49.031 2.747 
1981 48.997 2.730 
1982 48.945 2.714 
1983 48.950 2.698 
1984 48.998 2.682 
1985 49.095 2.665 
TABLE 3.31 
Year 
n6 
Nt (10) 
n 
Nt + et (x 106) 
1980 17.391 17.704 
1981 17.450 17.763 
1982 17.491 17.804 
1983 17.572 17.885 
1984 17.681 17.994 
1985 17.883 18.196 
Population Projections (HMSO) No. 8. Page 55 
Appendix Table la. 
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The middle column of Table 3.31 gives equation's (3.86) 
projections of the number of residential electricity 
consumers in England and Wales to 1985. Figures in 
the last column of Table 3.31 have an additional 
313,000 consumers added in to compensate for the model's 
understatement in the last year of the sample period 
(1977). The projections in this last column are used to 
describe the number of residential electricity consumers 
in England and Wales. 
Section 3.11, which follows, summarises the model 
developed for domestic non-heating electrical power 
demand. Chapter 4 develops a model for the water and 
space heating components of residential electricity demand. 
Forecasts of major. appliance ownership and electricity 
consumption by sundry appliances are made in Chapter 6 where all 
components of the power demand model are brought 
together to make a series of aggregate forecasts. 
3.11 Summary of Power Demand Model 
Et = Nt 
[1: 
2 
(S, 
t 
AC Jt) +St+ Lt, 
(3.68) 
where, Et = combined power demand from the 
domestic sector in year t (mn. kWh). 
Sit = ownership level of appliance j in 
year t (%). 
ACt = average annual consumption of an 
individual appliance j in year t (kWh). 
St= annual sundry appliance power demand 
per household (kWh). 
Lt = annual lighting demand per household 
(kWh). 
Nt = number of domestic elect5icity consumers 
in England and Wales (10 ). 
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it 
Washing Machine 
Sit = 68.924 + 0.001618St-1 (80-St-1)(0.00289YP 
- 28.702PKt - 0.0917C1 t+0.103Ct) 
Refrigerator 
Sit = 68.924 ± 0.002156St-1 (86-St-1)(0.00289Yp 
- 28.702PKt - 0.0917C' + 0.103C t) 
Freezer 
Sit = 3.783 + 0.012697St-1 (34-St-1)(0.00289YP 
- 28.702PKt - 0.0917C It + 0.119ct) 
Fridge Freezer 
Sit = 2.881 + 0.024800St-1(19-St-1)(0.00289Yp 
- 28.702PKt - 0.0917Ct + 0.103Ct) 
Vacuum Cleaner 
Sit = 88.171 + 0.000822St-1 (100-St-1)(0.00289YP 
- 28.702PKt - 0.0917Ct + 0.103Ct) 
Iron 
Sit - 0.969 
(3.54) 
(3.55) 
(3.56) 
(3.57) 
(3.58) 
(3.59) 
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Kettle 
S. = 68.924 + 0.001050St-1 (100-St-1)(0.00289YP 
- 26.555PKt - 0.0917C1 t+0.103Ct) 
(3.60) 
Colour Television 
s. 
it 
= 0.631 + 0.007120St-1(100-St-1)(0.00038Yp 
- 3.335PKt - 0.0053Ct + 0.0034Ct) (3.61) 
Monochrome Television 
Sit = 95.311 - 0.954SCA (3.62) 
t 
Blanket. 
Sit = 48.625 + 0.002674St-1(54-St-1)(0.00289YP 
- 28.702PKt - 0.0917Ct + 0.103Ct) (3.63) 
Tumble Dryer 
Sit = 1.611 + 0.005940St-1(30-St-1)(0.00289Yp 
- 28.702P Kt - 
0.0917C I 
t+ 
0.103Ct) (3.64) 
Cabinet Dryer 
Sit = 10.802 - 0.434SZ, D - 1.591 t (3.65) 
t 
Dishwasher 
Sit = 1.661 + 0.006855St-1 (20-St-1)(0.00289YP 
- 28.702PKt - 0.0917Ci + 0.103Ct) (3.66) 
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where, Yp = real permanent income per t household (£). 
PKt = real long run durable price index. 
Ct = real new credit extended on 
durables per household (£). 
Ct = real credit outstanding per 
household (£). 
SCTV = fitted colour television ownership 
t level (%). 
STD = fitted tumble dryer ownership 
t level (%). 
t= time. 
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AC. 
jt 
TABLE 3.24 
Projected Unit Average Annual Consumptions of 
Major Domestic Appliances (kWh/year) 
Appliance 1978 1979 1980 1981 1982 1983 
( 
1984 1985 
Washing Machine 208 216 223 230 238 245 253 260 
Refrigerator 297 295 293 292 290 288 287 285 
Freezer 1000 1000 1000 1000 1000 1000 1000 1000 
Fridge Freezer 611 620 631 642 652 663 673 684 
Vacuum Cleaner 25 25 27 27 28 29 29 30 
Kettle 250 250 250 250 250 250 250 250 
Iron 75 75 75 75 75 75 75 75 
Monochrome TV. 250 250 250 250 250 250 250 250 
Colour Television 450 450 450 425 425 400 400 375 
Clothes Dryer 478 487 495 504 512 521 529 537 
Blanket 60 60 60 60 60 60 60 60 
Dishwasher 850 850 850 850 850 850 850 850 
1. Tumble Dryer and Cabinet Dryer 
ss 
t 
Sts = 16.69 + 1.29Et - 1.74Pt + 0.042SM (3.81) 
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where, S = service yield (power demand) from t 
sundry appliances per household during 
year t (kWh). 
Et = real household expenditure on electrical 
appliances (i). 
P = relative price of all durables to other t 
avenues of discretionary expenditure. 
SM = t 
Z (Y = service yield (power demand t 
AC 
j jt 
from major appliances per household during 
year t (kWh). 
Lt 
Lt = 197.64 + 3.33CHt - 23.72Dt (3.83) 
where L = annual consumption of electricity for t lighting purposes per household (kWh). 
CHt = ownership level of both part and full 
central heating systems (°fo). 
Dt = dummy variable, 0 prior to 1974 
1 1974 onwards. 
Nt Nt = 3.674 + 0.701Pt - 4.841 NHHt (3.86) 
where, Nt = number of domestic electricity consumers 
in England and Wales. 
P = population of England and Wales. t 
NHHt = number of persons per household. 
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CHAPTER FOUR 
The first three sections of this chapter complete the 
disaggregated study of residential electricity demand 
by examining households' electrical space and water 
heating requirements and the demands made for powering 
electric cookers. Space and water heating demands are 
separated into their unrestricted and off-peak components. 
Ownership of space and water heating appliances and the 
average annual consumptions per consuming household are 
studied broadly using the methodology employed in the last 
chapter but with some changes reflecting both greater 
interfuel competition and different data availability. 
The ownership and use of electric cookers has not been 
studied in a logistic framework for similar reasons. Close 
competition from gas and the apparent saturation of cooker 
ownership towards the end of the sample period question the 
applicability of an inertial growth mechanism. 
Ownership and average consumption equations for all three 
categories of appliance are summarised in Section 4.4. 
Later sections of this chapter develop an alternative 
study of residential electricity consumption based on data 
drawn from Area Board annual reports. These static 
and dynamic models are broadly compatible with the 
residential gas demand model which is developed in 
Chapter Five. 
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In domestic water and space heating models, data 
availability restricts disaggregation across appliances 
to just unrestricted and off-peak classes of sales. 
Moreover, because average revenue data are available 
only for total domestic sales, the simultaneous equations 
model of Section 4.8 is able to consider just total 
residential sales. However each of the models is 
disaggregated across regions and attempts to establish 
price and income elasticities with greater precision than 
is possible from separate time series or cross section 
studies. 
4.1 Unrestricted Space and Water Heating 
Unrestricted space heating, that is electric heaters which 
are used on the normal full-rate domestic tariff now account 
for only approximately 5% of total residential electricity use. 
By 1977 (the end of the sample period), unrestricted space 
heating electricity consumption had fallen to 4,059 million 
kWh from its 1972 peak of 12,455 million kWh, when it 
accounted for 17.2% of total demand (Table 4.1). Contributions 
to total demand were still higher in earlier years. 
Consumption rose from 4,788 million kWh in 1959,19% of 
demand, to reach 12,301 million kWh just five years later, 
equivalent to 27.6% of total residential electricity demand. 
Dramatic growth in the early 1960's was encouraged 
through low electricity and appliance prices and buoyant 
consumer spending. Eventually the rapid piecemeal 
additions to households' appliance stocks (average point 
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TABLE 4.1 
Total and Average Unrestricted Space Heating Demand 
Total Unrestricted Share of Total Domestic Annual Consumption 
Year 
Space Heating 
Demand (mn. kWh) Units 
(%) Per Consumer Owning 
(kWh) 
Point Heaters Others Point Heaters Others* 
1962 9196 24.8 - 964 - 
1963 11290 27.3 - 1142 - 
1964 12301 27.6 - 1168 - 
1965 12294 25.9 - 1094 - 
1966 12268 24.2 0.1 1039 8000 
1967 11948 22.5 0.1 959 8000 
1968 11606 20.6 0.1 896 8000 
1969 11737 19.7 0.1 888 8000 
1970 11587 18.4 0.1 862 8000 
1971 12243 18.1 0.2 885 8000 
1972 12455 17.2 0.4 855 8000 
1973 12125 15.7 0.6 814 8000 
1974 11924 15.0 0.8 789 8000 
1975 11355 14.1 0.9 756 8000 
1976 6973 9.2 1.0 455 7500 
1977 4059 5.6 1.0 237 7000 
*Direct acting central heating run on full-rate tariffs and White Meters 
systems' day consumption. 
Source: Electricity Council Domestic Sector Analysis (5) 
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DIAGRAM 4.1 
Total Unrestricted Space Heating Demand (" kWh) 
and Share of Total Domestic Units (%) 
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DIAGRAM 4.2 
Average Unrestricted Space Heating Demand 
Per Consumer (kWh) 
heating consumption per consumer rose from 565 kWh 
in 1959 to 1,168 kWh in 1964) led to capacity problems 
in the electricity supply industry. Rationing price 
rises followed and the first domestic off-peak 
tariffs, which had been introduced in 1962 to flatten the 
domestic daily demand profile, were by 1965 attracting 
significant custom. 
After 1965 unrestricted space heating demand remained 
relatively static for the next seven years at between 
11,500 - 12,500 million kWh per annum. However, as 
a share of total domestic units it declined continuously. 
By the time of the first oil price increases in 1973/74 
demand share had fallen from 27% of total domestic 
units to just over 16%. Significant coal and electricity 
price increases followed the trebling of oil prices and 
by 1976 demand had dropped further to 10% of total 
domestic units. Although some of the lost demand was 
recovered through increased off-peak sales, much was 
lost to gas. Between 1973 and 1977 total residential 
electric space heating demand declined from 27,117 
million kWh to 14,831 million kWh. Sales on unrestricted 
tariffs fell from 12,125 million kWh to 4,059 million kWh. 
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Ownership of unrestricted electrical space 
heaters (largely point heaters) remained 
surprisingly high throughout the 1970's despite 
large unfavourable moves in the price of electricity 
relative to gas. Peak saturation was reached in 
1972 when 85% of domestic consumers had some form 
of unrestricted electric space heaters. Five years 
later 72% of consumers still had an electric point 
heater, but average annual consumption per consumer 
owning had dropped nearly four-fold to 237 kWh. 
This resilience of ownership and the rapid price response 
of appliance utilisation underlines a general need for 
separate treatment of the various components of unrestricted 
space and water heating demand. ' Although these 
could be accommodated within the analytical framework 
developed in the last chapter, it is questionable whether 
each component is well suited to a logistic analysis. 
Table 4.2 and Diagram 4.3 illustrate this for the case of 
unrestricted point heaters whose ownership penetration, 
even during the early years of the sample period, had 
already matured to more than three-quarters of their 
apparent saturation level. 
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TABLE 4.2 
Ownership of Space and Water Heaters 
Used on Full-Rate Tariffs 
Proportion of Consumers Owning o 
Year Space Heaters Water Heaters 
Point Heater Other* Unrestricted Other** 
1962 68*** ns**** 38.0 ns 
1963 69 ns 40.7 ns 
1964 73 ns 42.5 ns 
1965 76 ns 44.9 ns 
1966 78 0.1 47.3 ns 
1967 81 0.1 50.2 ns 
1968 82 0.1 52.9 0.2 
1969 82 0.2 54.0 0.2 
1970 82 0.2 55.2 0.3 
1971 83 0.2 55.4 0.7 
1972 85 0.3 59.5 1.2 
1973 83 0.4 60.1 2.0 
1974 82 0.6 60.0 2.6 
1975 79 0.6 60.9 3.0 
1976 74 0.8 61.6 3.3 
1977 72 0.8 62.2 3.5 
*Direct acting central heating run on full-rate tariffs and 
White Meter systems used during the day. 
White Meter systems used during the day. 
Source gives data only to two significant figures. 
**** Not significant. 
Source: Electricity Council Domestic Sector Analysis (5) 
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DIAGRAM 4.3 
Proportion of Domestic Consumers Owning An 
Electric Point Heater For Use on Normal 
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For minority space and water heating appliances 
(given as 'other' appliances in Table 4.2) the difficulties 
of analysis are more fundamental. The small number 
of observations available and the rudimentary nature of 
the ownership figures indicate that separate model building 
of these secondary demands is inappropriate. Explicit 
investigation has therefore been confined to the principal 
component of each demand. Analysis of minority space 
and water heating appliance ownerships uses only the simple 
linear ownership trends shown in Table 4.3. These two 
equations are complemented by judgemental forecasts 
of average electricity consumption per consumer owning 
(given in Table 4.1 for space heaters and in Table 4.4 
for water heaters) since neither set of utilisation figures 
has shown sufficient variation to facilitate any kind of 
modelling estimation. Consumption forecasts are shown 
in Section 4.3 together with the ownership trend constituents 
of Table 4.3 which are given there as equations 
(4.12) and 
(4.14) respectively. 
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Full-Rate Tariff (%) 
TABLE 4.3 
Linear Ownership Trends For Minority 
Unrestricted Space and Water Heating 
Appliances 
Minority Variable Coefficients(t) 
Appliance 
_ Ownership Constant Time R2 D. W. 
Other Space -0.0926 
(1 76 
0.0; 07 
1'7) 9 
0.91 0.8l14) 
Heaters(%) . . 
Other Water -0.680 0.4ý3 0.96 0.81(4) 
Heaters C&) ( 4. i) (16.18) 
OFigures in parenthesis are t- statistics. 
C2. DDirect acting central heating and White Meter 
systems used during the day. 
C .!, 
)White Meter systems used during the day. 
sýyýiýicar. ý of S`ýv lev et sýyni4' iýouýf c) 11/0 level 
C4ýeJýcýlencc. oý ýtriý wnttlýt or oý 61, c er"rcr term 
Analysis of point heater ownership (shown in Table 
4.2) is complicated by the decline in penetration after 
1972. Whilst the ten years up to 1972 could be 
accommodated within a logistic framework, the subse- 
quent decline in ownership could not. Consequently a 
logistic treatment of ownership has been abandoned in 
favour of a logarithmic approximation. This should 
be satisfactory for the top section of the logistic curve . 
which is relatively flat, and the simplification does 
allow declining ownership levels to be treated in the 
same equation. 
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TABLE 4.4 
Average Annual Consumption Of Unrestricted 
Water Heaters. Per Consumer. -Owning 
Year Annual ConsumptiornPer 
Consumer Owning KWh 
Unrestricted Other* 
1962 2000 - 
1963 1980 - 
1964 1960 - 
1965 1940 - 
1966 1920 - 
1967 1880 - 
1968 1840 925 
1969 1800 925 
1970 1760 925 
1971 1720 925 
1972 1680 925 
1973 1640 925 
1974 1600 925 
1975 1570 925 
1976 1535 900 
1977 1500 900 
Source: Electricity Sector Domestic 
Sector Analysis (5) 
*White Meter Systems' Day 
Consumption. 
Source: Electricity Sector Domestic 
Sector Analysis (5) 
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That ownership levels did decline promptly in 
response to deteriorations in relative price during 
the early 1970's (albeit at a slower rate than average 
consumption) suggests a largely static demand 
framework. The low price of electric point heaters, 
relative both to gas point heaters and also to other 
electrical appliances, supports this notion and the 
proposed ownership equation for unrestricted space 
heating appliances, (4.1), is therefore static. Apart 
from income and the prices of electricity and gas, 
central heating stocks have been included to reflect 
both the diminishing need for point heaters that accomp- 
anies increased central heating ownership and tendencies 
for greater ownership through back-up use and supplements 
to central heating at times of peak demand. Signs of 
these effects are clearly opposite and the regression 
coefficient a4 represents a composite term, unfortunately 
saying nothing of the separate central heating influences 
except for which is larger. Table 4.5 gives the estimation 
results of equation (4.1). Since the equation is 
logarithmic in dependent and independent variables, the 
regression coefficients are also elasticities. All data 
are given in Appendix III. 
Sit = al Pg + a2 P+ a3 tY+ a4 
CHt (4.1) 
e 
where Sit = proportion of domestic electricity consumers 
owning an electric point heater used on a 
full rate tariff (%). 
Pgt = real price of gas (pence per therm). 
et = real price of electricity (pence per therm). 
Yt = real disposable household income (£). 
CHt = stocks of central heating equipment 
per household (all fuels) at constant prices (£). 
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TABLE 4.5 
Double Logarithmic Model of Unrestricted 
Electric Heater Ownership 
Variable Coefficient St. Deviation t-Statistic 
P 0.40385 0.04189 9.64 
gt 
P -0.20196 0.06448 -3.13 et 
Yt 0.41261 0.03482 
tL* 
11.85 
4cK 
CHt 0.18589 0.01688 11.01 
R2 = 0.999 
Durbin-Watson statistic = 1.32(evýAtnc, L of- corre\o ic") 
e6I mak e, ý5 siß hi Fic oL rV o. t t5 ch' ke v, a 
K G6týCýGN G is -- g, y icw-%V 0. t' the- I c/b ieve1 
The estimated equation reflects satisfactorily the slow 
growth and decline of point heater ownership that occurred 
between 1962 and 1977. All coefficients suggest that 
ownership responds inelastically to change. The price 
elasticity of ownership is higher with respect to gas prices 
than to electricity prices. Surprisingly, the central 
heating variable shows a net positive balance indicating 
that more electric point heaters are purchased because 
of increased central heating than are displaced by it. 
Econometrically the equation would appear adequate except for 
mild negative autocorrelation which may be caused through 
an over simplified specification or, at this very high 
explanatory power, by measurement errors in one or more 
of the variables. 
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Ownership of water heating appliances powered on 
full-rate tariffs has not shown a decline similar 
to that of electric point heaters. Ownership has 
instead grown from 38% of consumers in 1962 to 
62.2% in 1977. However, Table 4.2 and Diagram 
4.4 show that the rate of ownership progression has 
been declining and that it fell sharply after 1972. 
DIAGRAM 4.4 
Proportion of Domestic Consumers Owning 
A Water Heater For Use On Normal Full-Rate 
Tariff % 
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Average annual unrestricted water heating electricity 
consumption per consumer has shown only moderate 
decline compared to unrestricted space heater use. 
From a 2000 kWh peak in 1962, annual consumption had 
declined only 25% by 1977. Surprisingly most of the 
decline occurred before 1973/74, suggesting that 
central heating penetration and not running costs have 
proved the dominant influence on utilisation. Central 
heating ownership acts in two ways; first displacing 
the need for electric water heaters through the water 
heating facility of most central heating boilers and 
secondly through encouraging ownership as a back-up 
system for use in periods when the central heating is 
shut down. Even though ownership has advanced with 
rising central heating penetration, reliance upon the main 
heating system has reduced the average utilisations. 
The net impact of central heating penetration upon full 
rate electric water heating consumption may therefore 
overall be negative. 
Some explanation for the seemingly perverse ownership 
and consumption behaviour of the early and mid 1970's 
may be taken from the nature of water heating demand and 
the equipment required to provide it. In each year of the 
sample period electricity demanded for water heating on 
full-rate tariffs has accounted for more than 20% of total 
domestic units. In 1962.10,308 million kWh were 
consumed, equivalent to 27.8% of total demand. Over the 
following fifteen years demand increased by 60%, despite 
adverse movements in the price of electricity and its 
price relative to gas, and contribution to total domestic 
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units fell by just 5 percentage points. This 
strength of demand can be attributed to the essential 
nature of a, hot water supply and to the limited 
competition, particularly on convenience, which other 
fuels offer in providing hot water all the year round. 
Principal competition arises from gas, which has 
sustained a considerable price advantage over 
electricity throughout the sample period. Even so, 
it is not necessarily economic to run (say) a typical 
10 kW domestic central heating boiler at low load 
factor (hence low efficiency) during the warmer months 
of the year to supply a 2kW water heating load. 
Consumption during these months may therefore be partly 
invariant to central heating ownership. Nevertheless 
electric water heating remains fully exposed to the 
same inter-fuel competition as electric space heating. 
This simplified interpretation is consistent with the 
behaviour illustrated in Diagram 4.4 and goes some 
way to suggest how ownership should be studied. 
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The extent of inter fuel competition in water heating 
suggests, as for electric point heating, that a 
departure from the logistic analysis is again required 
in order to study ownership. However it is not a 
different departure that is required but rather some 
link between electric point heater ownership and full-rate 
electric water heater ownership. The link can be 
suggested by the tendency for households which do not 
have central heating and which rely upon electric 
point heating also to have full-rate electric water heating 
and by the tendency for households that do have central 
heating but who also have electric point heating as a 
supplement or back-up to also have an electric water 
heating system for similar reasons. Equally, the 
tendency could. be expressed the other way around. 
The association suggests that ownership of both appliances 
may be determined by the same set of variables. This in 
turn implies that the ownership of one or the other of the 
appliances could be studied indirectly by relation to 
ownership of the other appliance. This is set out in 
equation (4.2). 
SWH =f (SSH) 
SSH f'(SWH) (4.2) 
where, f' = f-1 
and, SWH = proportion of households owning a water 
heater for use on full-rate tariffs' (%) 
SSH = proportion of households owning a space 
heater for use on full-rate tariffs (To). 
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This latter, indirect, approach has been adopted 
here because of the information it provides on dynamic 
relationships and which may have been difficult to 
discern from the direct approach. 
Simple inspection of point heater and water heater 
ownership data largely refutes the relationship postulated 
in equation (4.2) if comparisons are made on ownerships 
during the same year. However, the relationship is 
much closer when comparisons are made with point 
heater ownership lagged by several years. The relationship 
is closest when comparisons are made incorporating a four 
year lag. 
Although not intuitive the relationship is understandable. 
Both electric point heaters and water heaters are 
relatively inexpensive items (though the ancillary equipment 
which is required with water heaters is expensive). But 
unlike water heaters, electric point heaters also have 
a number of relatively inexpensive substitutes. Thus 
ownership of electric point heaters is able to respond 
comparatively quickly to changes in income and prices. 
For electric water heaters there are no inexpensive 
substitutes as alternatives are largely coupled to 
ownership of a central heating system. Changes in 
ownership of electric water heaters are therefore more 
constrained than for space heaters, not by the cost of 
water heaters themselves but by the cost of substitute 
appliances. 
Loge (Sw .)= ao + al Loge (SSH ) (4.3) 
t t-4 
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Equation (4.3) shows the form of the relationship 
estimated and Table (4.6) gives results. Linear 
and semi-logarithmic forms of the equation were 
also estimated, but showed no advantage over the double 
logarithmic form. Results in Table 4.6 show that the 
explanatory power of equation (4.3) is high and that 
coefficients are well defined statistically. Substituting 
the results in Table 4.6 into the equation for electric 
point heater ownership given in Table 4.5 produces 
equation (4.4) which shows the ownership of full-rate 
electric water heaters in terms of household income, 
the prices of gas and electricity and stocks of central 
heating equipment. 
TABLE 4.6 
Double Logarithmic Model Of Unrestricted 
Water Heater Ownership 
Variable Coefficient St. Deviation t-statistic 
Constant -0.470 0.0595 7.24L 
SSH 1.0303 0.0845 12.2 
t-4 
Rý= o, 5g4 ', K CS`11Y1glý IS S1gMpcua. E- Nie. 1% level 
Durbin-Watson statistic =" 1.4(Se-, comK, lu, 
kion) 
Loge SWH 
t=0.470 
+ 0.41718 Loge (F' 
gt-4) 
0.20862 Loge (Pe )+0.42623 Loge (Yt-4) + 
t-4 
0.19202 Loge (CHt-4) (4.4) 
Equation (4.5) shows the general specification used to 
describe the average consumptions of unrestricted 
space and water heaters. Central heating stocks 
have been included to reflect in each case declining 
rates of utilisation that can be expected to accompany 
higher central heating ownership. 
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ACit = co + cl pet + c2 DMt + c3Y t+ c4 
CHt (4.5) 
where AC. t = average annual electricity consumption 
of appliance j per consumer owning (kWh) 
pet = real price of electricity (pence per therm) 
DMt = degree omonths 
(to a base temperature of 
of 15.50C. ) 
Yt = real disposable household income (L) 
CHt = stocks of central heating equipment per 
household (all fuels) at constant prices 
(£). 
Separate regressions (results are given in Tables 4.7 
and 4.8), indicate differences in both the autonomous 
components of consumption and in variable elasticities. 
Those for water heater consumptions are notably lower 
than'the elasticities of the space heater equation, supporting 
the hypotheses of greater relative necessity and of more 
limited water heating fuel substitution. 
In both equations the income and degree month variables 
carry negative signs. Conventionally one would expect 
positive signs for each. However, within the interpretation 
of each appliance as providing a back-up service the signs 
of the two variables may not be perverse. Progressively 
colder weather (higher number of degree months) will 
lead to greater reliance upon central heating systems 
and point heater utilisation will therefore fall. Similarly, 
more extensive use of central heating boilers, most with 
water heating facilities, will reduce the demands placed 
upon secondary water heating systems. An analogous 
argument can be pursued for the income effect. Higher 
incomes will move households' preferences towards 
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utilisation of the central system and away from 
socially inferior point-heating substitutes. These 
tenuous interpretations are in each equation supported 
by the negative central heating elasticity, which at the 
dependent variable level, underlines the substitution 
between point space and water heating appliances and a 
central system which does both. 
TABLE 4.7 
Double Logarithmic Average Consumption Equation 
For Unrestricted Space Heaters 
Variable Coefficient St. Deviation t-Statistic 
IV 
Constant 52.05 19.66 2.65 
P -1.8131 0.8921 -2.03 
et 
DMt -3.764 1.659 -2.27 
Yt -2.486 2.174 -1.14 
CHt -0.5004 0.3045 -1.64' 
R2 = 0.50 
Durbin-Watson statistic = 1.09(%; 
(t1 evý&et ct of- seT4%. cct'r-ela, ion vf- the, et-ro- terr, n 
*estimate is statistically significant at the 5% level 
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TABLE 4.8 
Double Logarithmic Average Consumption 
Equation For Unrestricted Water Heaters 
Variable Coefficient St. Deviation t-Statistic 
Constant 17.314 2.301 7.52 
Pet -0.1286 0.1044 -1.23. 
DMt -0.4163 0.1942 -2.14 
Yt -0.8886 0.2544 -3.49 
CHt -0.09629 0.03564 -2.70 
R2 = 0.86 
*estimate is statistically significant at the 5% level 
Income and the central heating variables both have pooily 
defined coefficients in the space heating equation and 
price appeared statistically insignificant in the water 
heating equation. Multicollinearity is partly responsible 
for these dificiencies but so to are the dependent 
variable data. Section 3.7 of Chapter Three declined 
to estimate average consumption equations for the major 
non-heating appliances because of the rudimentary 
interpolations evident in the data. Space and water heating 
consumption data have been similarly derived and insigni- 
ficance of explanatory variables may be partly attributed 
to the smoothing effect of the interpolated observations. 
Both equations also suffer from serious autocorrelation. 
Together with the lower explanatory power of the 
regressions, particularly the space heating consumption 
equation, this gives further evidence of the limitations 
of the dependent variable data. However, the data 
provided in the Electricity Council Domestic Sector 
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Analysis (5) are at extremely fine levels of disaggregation. 
Although imperfect, the data are unique and there is little 
choice but to use what is available. 
4.2 Off-Peak Space and Water Heating 
Off-peak tariffs were first introduced in 1962 to combat 
a growing 'peakiness' of domestic electricity demand 
that was developing through the rapid build up of a large 
direct-acting space heating load. As Diagram 4.5 shows, 
during 1960/ 61 daily domestic electricity demand varied 
by a factor of nearly eight. Through shifting much of 
the space heating load to times when demand was otherwise 
low, load variation had been cut to a factor of two by 
1976/77. Re-arranging the demand profile has directly 
benefited the electricity supply industry through facilitating 
greater reliance on more efficient and therefore cheaper 
generating capacity and through reducing the need to maintain 
large amounts of power plant only ever used at times of 
peak demand. Indirectly consumers have also benefited 
from the reduced capital charges and fuel costs that have 
accompanied improvements in the system load factor. 
Table 4.9 shows that by 1966 2.5% of domestic 
consumers were taking off-peak supplies for space 
heating equal to 5.5% of total domestic electricity 
demand. Four main off-peak systems, of which 
storage radiators and electric floor warming are the 
most well known, promoted electric central heating 
with some modest success. Ownership rose to 12.6% 
of consumers in 1976 and consumption amounted to 
,I 
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DIAGRAM 4.5 
Changes in Domestic Load Shape 
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Sector Analysis (5) 
nearly a fifth of total domestic demand. After 1973 
however, the steady growth which off-peak ownership 
had shown largely disappeared. Penetration finally 
faltered in 1977 and ownership declined to 11.5%. 
Further declines in subsequent years, during a period 
when central heating ownership advanced steadily, 
show a strong preference for systems based 'on other 
fuels, notably gas. Problems then faced by electric 
central heating systems and still largely evident today 
are two-fold. 
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TABLE 4.9 
Off-Peak Space Heating Ownership 
Year 
Proportion of 
Consumers 
Owning (%) 
1962 0.2 
1963 0.5 
1964 
, 
0.9 
1965 1.7 
1966 2.5 
1967 3.2 
1968 4.3 
1969 5.4 
1970 6.6 
1971 7.8 
1972 8.9 
1973 10.1 
1974 11.0 
1975 11.8 
1976 12.6 
1977 11.5 
Source: Electricity Council 
Domestic Sector Analysis (5) 
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Firstly electricity, even when purchased on off-peak 
tariffs, has been considerably more expensive than 
gas throughout the sample period. Although electric systems 
can be cheaper to install than conventional wet systems 
and some, such as storage radiators, can be purchased 
in a piecemeal fashion, their bulky design 
and high running costs have made them unpopular in 
all areas where gas is available and in most dwellings 
where the building type does not preclude installation 
of a wet central heating system. 
The second drawback faced by electric off-peak 
systems is largely intractable; it is the disadvantage 
inherent in having to take power up to a day before it is 
required. Electric central heating is not 'controllable' 
in the way that gas has been promoted to be. In this 
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Proportion of Domestic Electricity 
Consumers Owning an Off-Peak 
Heating System 
respect, highly valued by consumers, electric 
off-peak heating is as inconvenient as a solid fuel 
system. It is difficult to see how this characteristic 
can ever be eased. 
Consume n of off-peak electricity per consumer 
for space heating has shown the same sharp decline 
recorded for direct acting electric heating. Although 
the average installed load of an electrically centrally 
heated house increased from S. 0 kW in 1962 to 6.4 kW 
in 1973 and to 7.1 kW in 1977, consumption per kW 
of installed load dropped from 1.391 kWh to 806 kWh 
between 1972 and 1977. Better insulation partly 
explains the decline but over the same period the average 
consumption of gas per gas consumer showed a steady 
increase. This suggests that increases in the running 
costs of electric off-peak systems, which after a lag 
followed the 1973/74 oil price rises, had a major impact 
upon the utilisation of electric central heating. Prior to 
the oil crisis utilisation had remained relatively constant, 
averaging 1464 kWh per kW of installed load between 
1966 and 1972. 
In view of the importance of a central heating system 
as a household appliance, ownership of off-peak central 
heating systems has been studied using a logistic 
equation similar to (4. Z). Included amongst the otherwise 
familiar set of independent variables (Zbi Xi) are the 
prices of electricity and gas. These were specified to 
capture the effect which fuel prices have upon system 
choice. Average electricity consumption by each 
off-peak system forms the subject of a separate equation, 
(4.7). Regression results for the ownership equation 
(which was found to have a preferred asymptote of 13% 
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from a search procedure using equation (4.4 )) 
and the average consumption equation, are given 
in Tables 4.10--to 4.12. which follow. Results from 
the average consumption regression are shown in 
Table 4.13. 
S 
jt = 
0.03368Sýt-1 (13-Sit-1)(bö b1YP + b2 PKt+b3Ct 
+ b4Ct + b5 Pet + b6 Pgt) (4.6) 
whereS 
t= proportion 
of domestic electricity 
consumers owning an off-peak space 
heating system (%) 
YP = real household permanent income (£) 
PKt = price of durable goods relative to other 
commodities 
Ct = amount of credit outstanding on durables 
per household at constant prices (£) 
Ct = amount of new credit extended on durables 
per household at constant prices (£) 
pet = real price of electricity (pence/ therm) 
P 
gt = 
real price of gas (pence/ therm). 
ACjt = Cl Pet + C2 
Yt + C3 DMt (4.7) 
where 
ACjt = average annual consumption of off-peak 
space heating systems per consumer owning 
(kWh) 
Yt = real disposable household income (L) 
DMt = degree months (to a base temperature of 
15.5 0 C. ). 
I 
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TABLE 4.10 
Logistic Ownership Equation For Off-Peak 
Space Heaters 
Variable Coefficient St. Deviation t-Statistic 
Constant 5.305 1.433 3.70 
yP 0.006375 0.004876 1.31 
PKt -57.13 54.29 -1.05 
Ct . -0.4455 0.2325 -1.92 
Ct 0.3955 0.2023 1.95- 
p 0.0555(2) 0.3824 0.15-- 
et 
P 0.073 1.653 0.04 
gt 
R2=0.799 
Durbin-Watson statistic = 1.40*(%) 
*estimate is statistically, significant at the 5% level 
(t)ev; dehce C- $e. roý, corrtltVLof ol- the. et-h01r berm 
(4estimate carries a sign conflicting with a priori reasoning 
The regression results are far from satisfactory. Apart 
from the low statistical significance of the permanent 
income, durable price and credit variables, the regression 
surprisingly suggests complete independence of electric 
central heating ownership from fuel prices. This conjecture 
is reinforced by a further estimation employing relative fuel 
price rather than the separate price variables (results are 
given in Table 4.11) and a final estimation omitting gas 
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I 
price and considering just the effect of electricity 
price upon ownership. In both equations the fuel 
price measure proved insignificant and adversely 
affected the significance of other regressors. Finally 
both fuel price measures were dropped from the 
specification of equation (4.6) leaving the conventional 
ownership equation (4.8).. Regression results of 
this reduced form are given in Table 4.12. 
I 
TABLE 4.11 
Off-Peak Space Heating Ownership Equation 
Using Relative Price 
Variable Coefficient St. Deviation t-Statistic 
A, 
Constant 4.932 1.505 3.28 
yp 0.004226 0.003722 1.14' 
pKt -44.83 12.22 -3.67 
Ct - 0.3921 0.1596 -2.46 
C it 00.3643 0.1427 2.55 
/P P 2.719'() 4.795 0.57 
gt et 
2 
R=0.803 
Durbin-Watson statistic = 1.33(1) 
estimate is not statistica ly, significant at. the 5% level 
Cri ev idtnce, oý ýerýa\ cvrrý ton d- tilt. i rmr t-ewn 
estimate carries a sign conflicting with a priori 
reasoning. 0 
Sit = 0.03368Sit_1 
(13-Sit-1)(b0 + b1 Yp+ b2 PKt + b3 Ct 
+ b4 Gt) (4.8) 
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TABLE 4.12 
Conventional Logistic Ownership Equation 
For Off-Peak Space Heating Ownership 
Variable Coefficient St. Deviation t-Statistic 
Constant 5.525 1.046 5.28 
yP 
t 
0.0062843 0.000800 7.86 
PKt -49.999 7.856 -6.36 
C 
t -0.4459 
0.1240 -3.60 
4- 
C it 0.3821 0.1344 2.84 
R2 = 0.835 
Durbin - Watson statistic = 1.28 (1) 
e5ý i ti e- is c iVa`hi 
ýi camR cLý- l e- 150/6 Ir vet 
s ,ý esýCmaýt. iý '; 3hi 
picuný- 01- Uc 1`! 0 Lev&L 
U) ev%hnce ck- 5e-riad Ccýrrelaýýion oF- the error, ýepm 
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Results in Table 4.12 show a considerable improvement 
over previous specifications. All coefficients carry 
the correct sign and each is statistically significant. 
Rejection of fuel prices as explanatory variables 
suggests that ownership of electric central heating has 
proceeded as if no alternative systems were available. 
For this to be so implies that electric central heating 
is developed in sections of the domestic market largely 
unavailable to other fuels; in geographical locations 
where supplies of competing fuels (particularly gas) are 
restricted and in buildings not suited to wet central 
heating systems. (flats for example). These regional 
and physical effects have not been captured within the 
existing demand framework and at present the inter- 
pretation given to these surprising results rests on 
supposition. Pooled analysis later in this chapter 
returns to this question and attempts to uncover substantial 
evidence of fuel price independence. 
Long run elasticities produced from equation (4.8) show 
very responsive ownership behaviour. Averaged over 
the sample period, price and income elasticities are 
respectively -6.3 and 6.9. By 1977 they had declined 
to -3.4 and 4.2. When account is taken of the cumulative 
nature of each variable elasticities are still lower. 
For example, approximate elasticities of ownership with 
respect to current income are in the region of 1.8 for the 
whole sample period and 1.1 for 1977. 
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Elasticities for the two credit variables are 
similarly large. Debt outstanding and new credit 
extended recorded average elasticities of respectively 
-5.8 and 5.6, and elasticities of -2.5 and 2.9 for 
1977. Although very large by conventional standards 
the estimates are broadly consistent with the ownership 
findings of the major non-heating appliances. Large 
elasticities are in any case not surprising since the 
dependent variable series exhibited very high annual 
growth rates early in the sample period as Table 4.9 
shows. However, the size of the elasticities and 
their variation does restrict application to forecast 
periods in which ownership is changing more slowly 
and at mature levels of penetration. 
TABLE 4.13 
off-Peak Space Heating Consumption 
Per Consumer Owning 
(Double Logarithmic Model) 
Variable Coefficient St. Deviation t-Statistic 
P -0.481 0.3885 -1.26 et 
yt 0.8507 0.2359 3.61 
DM 0.9172 0.4992 1.84 
t 
R2 = 0.999 
Durbin-Watson statistic = 0.40 (1) 
(1) evidence 4- serial C tlo,. Vion oý- the tr, yr term 
*estimate is statistically significant at the 5% 
level 
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Table 4.13 shows regression results of the off-peak 
space heating consumption equation. Elasticities 
are considerably lower than the elasticities of 
ownership changes. However, despite a very high 
explanatory power the model is not able to support 
the hypotheses of inelastic price behaviour and of 
broadly proportionate -degree day adjustment at the 
customary 5% level. Although multicollinearity does 
not per se lead to biassed parameter estimates, results 
of this regression must be treated tentatively since it is 
evident that a high degree of collinearity exists amongst 
the independent variables. Fortunately the coefficient 
of multiple correlation lies well above each of the simple 
correlation coefficients and so under Klein's (56) rule 
of thumb the consumption equation should prove 
satisfactory for forecasting. 
An earlier specification rejected the inclusion of a 
constant term, suggesting the absence of any autonomous 
central heating utilisation. This may result from a 
tendency for consumers to instead utilise point heaters 
when their heating requirements are low. 
Off-peak water heating developed as a natural by-product 
of off-peak space heating. For the electricity supply 
industry the benefits of moving water heating loads from 
times of peak demand are similar to those for changing 
space heating profiles. For consumers, already 
accustomed to forecasting their own hot water requirements 
some short time ahead, off-peak electric water heating 
offers convenience comparable with other means of water 
heating in a way that has eluded off-peak space heating 
systems. Ownership 
has grown continuously, although 
slowly, throughout the sample period and has shown only 
part of the slow 
down seen by off-peak space heating 
penetration and none of 
the decline. However ownership 
remains overall very 
low. 
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TABLE 4.14 
Off-Peak Water Heater 
Ownership 
Year 
Proportion of Consumers 
Owning (Olo) 
1962 ns 
1963 0.1 
1964 0.3 
1965 0.5 
1966 0.8 
1967 1.0 
1968 1.5 
1969 1.8 
1970 2.2 
1971 2.9 
1972 3.5 
1973 4.4 
1974 5.1 
1975 5.5 
1976 5.7 
1977 5.9 
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It is surprising that roughly only one half of 
off-peak consumers choose to heat water on. 
restricted hour tariffs. Since a consumer already 
taking power for off-peak space heating faces no 
additional standing charges for off-peak water 
heating facilities, the low penetration is perplexing 
and may suggest a lack of consumer information. 
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Proportion of Residential Electricity 
Consumers Owning An Off-Peak Water 
Heating System 
In this analysis, ownership of off-peak water heating 
systems has been related to ownership of off-peak 
space heating systems. Whilst it has always been 
possible to install an off-peak water heating system 
without an off-peak space heating system, not until 
the recent introduction of the Economy 7 tariff has 
this proved economically worthwhile. In practice 
off-peak water heating ownership has tended to be 
associated with electric central heating and this association 
provides the basis for the water heating ownership equation, 
(4.9). 
Loge (S WH 
t= 
-1.27270 + 1.17319 Loge (SSHt ) (4.9) 
4 f- A 4- 
t-statistics (-27.18) (45.45) 
R, 
2 
= 0.993 Durbin-Watson statistic = 1.94 
. k+(, C6vimavt. i5 ctmpr cw,! v aV tKe. %C/o It-vex 
Where, SWHt 
= proportion of domestic electricity 
consumers owning an off-peak 
water heating system (%) 
S= proportion of domestic electricity SHt 
consumers owning an off-peak 
space heating system (%) 
Average electricity consumptions of off-peak water 
heating systems have shown much in common with 
consumptions of unrestricted water heating systems. 
They fail to make the same contrast to off-peak space 
heating utilisations that unrestricted water heating 
showed to direct acting space heating. Over the sample 
period average consumption per consumer owning 
declined by only 22%, just slightly less than the 26.5% 
reduction in off-peak space heating demands compounded 
from increasing average loads and declining rates of 
utilisation. The larger reduction in space heating demand 
again reflects relative necessity of the two demands and 
the larger potential for fuel substitution in space heating. 
Since off-peak space and water heating systems are 
wired and switched together, average off-peak water 
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heating consumption has been described in terms of 
off-peak space heating demand, (equation (4.10). 
ACWH 
t=0.33578 
ACSH 
t 
(4.10) 
t-statistic (31.56) 
R2 = 0.990 Durbin-Watson = 0.49 
These last two equations complete the disaggregated 
study of domestic electric space and water heating 
demands. The four equations are summarised in 
Section 4.4 together with equation (3.86) which describes 
the number of domestic consumers. 
4.3 Electric Cooking 
By comparison with most other electrical appliances, 
the ownership of electric cookers has increased relatively 
slowly. From 24.5% of domestic consumers in 1955 
and 31.0% in 1962, ownership rose to 40.6% in 1973. 
The next four years witnessed only a marginal increase. 
in penetration to 41.8%. This subsequent stability 
suggests a saturation of penetration at between 42% and 
43% of domestic consumers. Development of electric 
cooker ownership, as a proportion of total domestic consumers, 
is given in Table 4.15 and in Diagram 4.8. 
Table 4.15 also shows, together with Diagram 4.8, 
that average annual electricity consumption by individual 
cookers declined continuously over the twenty-two years 
to 1977. Annual consumption of 1300 kWh per consumer 
owning in 1955 and 1275 kWh in 1962 fell to 1000 kWh in 
1977. With increasing penetration of other electrical 
appliances, the share of total domestic units attributable 
to cooking declined from over 21% in 1955 to 8.8% in 
1975. Share subsequently increased to 10% in 1977 following 
reductions in electric space and water heating demands. 
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TABLE 4.15 
Ownership And Average Consumption Of 
Electric Cookers* 
Year 
Proportion Of 
Domestic Consumers 
Owning (%) 
Average Consumption 
Per Consumer 
Owning (kWh) 
Share Of Total 
Domestic Units 
(%) 
1955 24.5 1300 21.3 
1956 25.3 1300 20.8 
1957 26.3 1300 20.0 
1958 27.5 1300 19.8 
1959 29.0 1275 18.9 
1960 30.0 1275 17.9 
1961 30.5 1275 16.2 
1962 31.0 1275 14.9 
1963 31.5 1250 13.5 
1964 32.0 1250 13.0 
1965 33.0 1250 12.7 
1966 34.6 1250 12.7 
1967 34.6 1225 12.3 
1968 35.2 1200 11.6 
1969 36.0 1175 11.2 
1970 37.0 1175 10.9 
1971 38.1 1150 10.5 
1972 39.8 1150 10.3 
1973 40.6 1100 9.7 
1974 41.0 1050 9.1 
1975 41.1 1000 8.8 
1976 41.3 1000 9.4 
1977 41.8 1000 10.0 
*Source: Electricity Council Domestic Sector Analysis (b) 
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The ownership of electric cookers is unlikely 
to increase significantly. The market for 
gas and electric cookers is saturated and their 
costs largely restrict replacement sales to 
those warranted by the age of existing appliances. 
The engineering lifetimes of both gas and electric 
cookers are longer than most other domestic 
appliances and are considerably longer than the 
duration of appliance styles. Income effects on 
cooker ownership are restricted therefore to 
causing changes in the threshold age for replacement. 
Evidence suggests that even this effect has been 
limited. Despite considerable efforts, the gas industry 
has had little success in convincing consumers that 
gas is a superior fuel for cooking (with consequent 
income effects on ownership). Data on electric 
cookers shows increasing ownership over years when 
the national gas distribution system was expanding 
rapidly. This demonstrates the limited impact which 
income has had upon even the small component of total 
cooker ownership which is variable in any one year. 
Subsequent sections of this chapter show that the 
reverse has been true of space and water heating 
markets. These markets are not saturated in 
ownership and are characterised by product differentials 
more pronounced than those evident between gas and 
electric cookers. 
Electric cookers are considerably more expensive 
to run than gas cookers. Unlike space and water 
heating applications where electricity is virtually 
100% efficient, cooking by electricity involves sizeable 
thermal losses because of the downwards radiation of 
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heat from the cooker's rings. These losses 
widen further the already large differences in 
running costs between gas and electric cookers. 
Making a simplified assumption of equal thermal 
efficiency, the running costs of gas cookers are 
less than half the running costs of electric cookers. 
For a gas consumer with gas-fired central heating 
the costs of cooking by gas may be lower still. 
Running gas central heating at even a minimal rate 
will enable part of the gas required for cooking to 
be taken on the lower tier of the two-part domestic 
tariff. 
With such wide cost differences between'gas and 
electric cookers it is surprising that electric cookers 
have such a high market share. That they do suggests 
highly inelastic price behaviour. This may be due to 
several factors. 
Firstly consumers may have limited awareness of the 
running costs of cookers. Payment is made for 
electricity only at extended intervals and payment is 
made for a variety of services collectively with no 
identification of separate end-uses. Fuel price 
response may also be lower because the running costs 
of cookers, although substantially higher than the 
running costs of most other domestic appliances, are 
small relative to the cost of the cookers themselves. 
It is likely that the electricity and gas supply industries are 
aware that fuel price elasticities are low in the domestic 
cooking market. Neither has based an advertising 
campaign on price arguments. For the electricity 
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industry, conscious of its uncompetitive position, 
the reluctance to advertise on the basis of price 
is understandable. For the gas industry the low 
advertising coverage given to the cost advantages 
of gas cooking suggests either that fuel cost is 
thought to be unimportant to consumers, or 
alternatively that consumers are already fully aware 
of the cost advantages of gas. The latter possibility 
requires an unrealistic assumption of consumers' 
information and is unlikely to be true. It is more 
likely that gas and electricity prices do not feature 
prominently in cooking advertisements because they 
are not considered important determinants of market 
share. 
Insensitivity to changes in the prices of electricity 
and gas make forecasting electric cooker ownership 
difficult. The low response to fuel prices and the 
limited income effects may mean that changes in 
ownership are due largely to changes in consumers' 
tastes, whether exogenous or induced through 
advertising. The suggestion is difficult to substantiate 
empirically because of the subjective nature of 
advertising. But it is consistent with the nature of 
recent promotions which have focussed upon developing 
consumers' tastes. 
The possibility of strong advertising effects questions 
the merits of an empirical investigation of cooker 
ownership. No more price and income variation can 
be legitimately inferred from observed data than it is 
possible to defend on a priori grounds, and consequently 
forecasts of cooker ownership and of the annual 
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electricity consumption of individual cookers 
have been made judgementally. Both sets of 
forecasts take account of trends evident in the 
sample data and of factors likely to exert a changing 
influence in coming years. 
Through a decline in the number of new gas connections, 
effective electric cooker advertising and a narrowing 
of the price differential between gas and electricity, 
it seems likely that the market penetration of electric 
cookers may increase, albeit slowly. Contributing 
influences of lesser importance, but which would 
nevertheless add weight to such a trend, include 
continued urbanisation with higher proportions of 
multiple unit dwellings and the growing ownership of 
microwave cookers. Within the scope. -of this analysis 
it has not proved possible to identify separately the 
effects which may lead to increased penetration. The 
estimates shown in Table 4.16 are considered as the 
most likely development of cooker ownership having a 
general consideration of the factors mentioned. 
TABLE 4.16 
Projected Ownership Of Electric 
Cookers 
Year Proportion Of Domestic 
Consumers Owning o 
1978 42.4 
1979 42.9 
1980 43.3 
1981 44.0 
1982 44.8 
1983 45.7 
1984 46.3 
1985 46.8 
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The most significant effects on households' 
consumption of electricity for cooking seem 
likely to arise through trends towards easier 
preparation of food. Microwave cookers and 
convenience foods may both reduce annual 
electricity consumptions. The former satisfy 
a complementary role to conventional cookers 
rather than acting as a complete substitute. 
Although of broadly similar power rating to 
radiant ovens, microwave ovens cook much 
faster and therefore consume less electricity. 
Similarly many convenience foods require less 
preparation than traditional foodstuffs and also 
save electricity. Some additional savings 
may result from further engineering improvements 
to conventional cookers. Even with some allowance 
for an accelerating turnover of cookers due to less 
robust construction, the last few years of the 
sample period suggest that such improvements are 
likely now to progress only slowly. It is again 
difficult to identify separately the effect which 
microwave ovens, convenience foods and design 
improvements in conventional cookers may have 
overall upon electricity consumption per cooker. 
Table 4.17 shows a plausible development of the 
factors' joint influence. 
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TABLE 4.17 
Annual Electricity Consumption 
By Cookers 
Average Per Consumer Owning (kWh) 
Year 
Consumption Per 
Consumer Owning 
(kWh) 
1978 975 
1979 975 
1980 975 
1981 950 
1982 950 
1983 950 
1984 925 
1985 925 
This section completes the disaggregated model 
of electricity demand. The next section summarises 
the space heating, water heating and cooking sections 
of the domestic electricity demand model. Following 
sections develop aggregated models of domestic 
electricity demand. 
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4.4 Summary of Space and Water Heating Equations 
Section 3.11 of Chapter Three presented a summary 
of the ownership and consumption equations for each 
of the major non-heating appliances and for other 
sundry power demands. The summary given in this 
section completes the disaggregated model of electricity 
demand by including in the summation of equation (3.68). 
equations for water and space heating. Estimates are 
also given of cooker ownership and average consumption. 
Forecasts from the space and water heating equations 
are made in Chapter Six. 
Et = Nt 
(SjtA Cat) +St+Lj (3.68) 
where, Et = combined electricity demand from 
the domestic sector in year t 
(mn. kWh). 
Sjt = ownership level of appliance j 
in year t 
ACjt= average annual consumption of an 
individual appliance j in year t 
(. kWh). 
St= annual sundry appliance power 
demand per household (kWh) 
Lt = annual lighting demand per 
household (kWh) 
Nt = number of domestic electricity 
consumers in England and Wales 
(10 ). 
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-t 
Unrestricted Space Heating 
Loge (Sjt) = 0.40385 Loge (Pgt) - 0.20196 Loge(Pet) 
+ 0.41261 Loge (Yt) + 0.18589 Loge (CH 
Other Space Heaters 
Sit = -0.0926 + 0.0707 (time) 
Unrestricted Water Heating 
Sit = -0.470 + 0.41718 Loge (pgt-4) - 0.20862 Loge(pet-ý' 
+ 0.42623 Loge (Yt-4) + 0.19202 Loge (CHt-4) 
Other Water Heaters 
Sit = 0.680 + 0.433 (time) 
Off-Peak Space Heating 
S=5.525 + 0.03368St-1 (13 - St-1)(" 0.0062843 YP it 
- 49.999 PKt - 0.4459 
Ct + 0.3821 Cd 
Off-Peak Water Heating 
Loge (SWH) = -1.27270 + 1.17319 Loge (S SH 
) 
tt 
where, S= ownership 
level of off-peak water WHt heating systems (%) 
S= ownership level of off-peak space Ht heating systems (%) 
(4.1 1) 
(4.12) 
(4.13) 
(4.14) 
(4.15) 
(4.16) 
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Cooking 
TABLE 4.18 
Projected Ownership 
Of Electric Cookers 
Year 
Proportion Of 
Domestic Consumers 
Owning (%) 
1978 42.4 
1979 42.9 
1980 43.3 
1981 44.0 
1982 44.8 
1983 45.7 
1984 46.3 
1985 46.8 
AC 
Unrestricted Space Heating 
Loge (ACjt) = 52.05 - 1.8131 Loge (pet) - 3.764 Loge (DM t) 
- 2.486 Loge 
(Yt) - 0.5004 Loge (CH t) 
(4.17) 
Unrestricted Water Heating 
Loge (ACjt) = 17.314 - 0.1286 Loge (Pet) - 0.4163 Loge (DMt) 
- 0.8886 Loge (Yt) - 0.09629 Loge (CHt) (4.18) 
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TABLE 4.19 
Annual Electricity Consumptions of Minority 
Unrestricted Space and Water Heating Appliances 
(kWh per consumer owning per year) 
Year 
Space 
Heaters 
Water 
Heaters 
1978 7000 900 
1979 6500 875 
1980 6500 875 
1981 6000 850 
1982 6000 850 
1983 5500 825 
1984 5500 825 
1985 5500 800 
Off-Peak Space Heating 
Loge (ACjt) = -0.4881 Loge 
(Pet) + 0.8507 Log 
e 
(Y 
+ 0.9172 Loge (DM 
Off-Peak Water Heating 
(4.19) 
ACWH 
t=0.33578 
ACSH 
t 
(4.20) 
where, ACWA = average annual off-peak water 
t heating electricity consumption 
per consumer owning. 
AC = average annual off-peak space 
" 
SHt 
heating electricity consumption 
per consumer owning. 
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Cooking 
TABLE 4.20 
Annual Consumption Of Electricity 
By Cookers. 
Average Per Consumer Owning (kWh ) 
Consumption Per 
Year Consumer Owning 
(kWh) 
1978 975 
1979 975 
1980 975 
1981 950 
1982 950 
1983 950 
1984 925 
1985 925 
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4.5 Static Models of Residential Electricity Consumption 
The remaining work of this chapter conducts alternative 
studies of residential electricity demand using data from. 
Area Electricity Board annual reports. Three separate 
models have been constructed. A static analysis is 
presented in this section, a dynamic model in the following 
section and a simultaneous equations model in Section 4.7. 
Each model is of more conventional form than the logistic 
estimations made so far and each facilitates comparison 
with studies by other authors. 
All the data used in estimating these pooled models 
are listed in Appendix III. Consumption data for 
residential consumers in each Area Board are available 
in three categories; total consumption, unrestricted 
sales and sales on restricted hour tariffs. Accordingly 
the static and dynamic models both consider the three 
different classes of consumption. Unfortunately the 
availability of average revenue data for only total 
domestic sales restricts coverage of the simultaneous 
equations model to just total sales. 
There are twelve Area Boards in England and Wales 
and they differ widely 
in their size, population and 
the average consumption of each domestic electricity 
consumer. 
Table 4.21 summarises the main 
characteristics of 
individual Boards for 1978/79. 
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TABLE 4.21 
Area Board Characteristics (1978/1979) 
Board Population 
(000's) 
No. Consumers 
(000's) 
T1 
ACON 
UN2 
ACON 
R3 
ACON 
London 3902 1598 3783 3184 7273 
S. East 4052 1550 4586 3421 8400 
Southern 5309 1892 4873 3790 6473 
S. West 2562 946 5179 3621 6551 
Eastern 6434 2321 4536 3414 8109 
E. Midlands 4613 1702 3684 3085 7286 
Midlands 4809 1708 4449 3659 6049 
S. Wales 2089 742 3591 3090 7936 
Merseyside 3023 1086 3970 3554 6902 
Yorkshire 4461 1695 3752 3138 6052 
N. Eastern 3164 1180 3482 2875 7180 
N. Western 4731 1761 3941 3231 6250 
1. Average electricity consumption per domestic consumer (kWh/year). 
Entries in this column are not equal to the sum of entries in the unrestricted 
and off-peak columns since not all consumers take off-peak supplies. 
Combination to yield the total consumption figure is made from the 
following equation (which relates to the London Electricity Board); 
3783 = 3184 + 7273x, where x is the proportion of domestic consumers 
taking off-peak supplies. 
Z. Average consumption of electricity purchased on unrestricted 
tariffs per consumer 
(kWh/year). 
3. Average consumption of electricity purchased on restricted hour 
tariffs per consumer 
(kWh/year). 
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Similarities and differences in the consumption 
characteristics of Area Boards are not individually 
important without some comprehension of the under- 
lying causes. Pooling together of all the regional 
observations enables accurate estimation of the common 
price, income and weather relationships and also shows 
any significant regional and temporal differences. The 
method of pooling adopted for these estimations, 
described in Appendix II, is a generalised method and 
permits regional and temporal differences in elasticities 
as well as more conventionally in the autonomous 
components of demand. 
Dependent variables in each of the total, unrestricted 
and off-peak models are specified in terms of the average 
electricity consumption per consumer. Two separate 
expressions describe the total number of residential 
consumers in each Area Board and the number of off-peak 
consumers1. For each of the three models the 
consumption equation shares the form outlined in equation 
(4.21). Specification has been kept as simple as possible, 
broadly reflecting the concensus specification of other 
static studies such as those by Halvorsen (12), 
Nelson (13), Bloch (14), Wilson (17) and others. Electricity 
demand per domestic consumer is related to a constant 
term, reflecting autonomous consumption, a representative 
average revenue term and the number of degree months. 
1. A third equation to describe the number of consumers 
taking unrestricted supplies is not required since this 
is the same as the total number of residential 
consumers in each Board. 
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T, UN, R T, UN, R 
ACON = a0 + a1 ARt + a2 Yt + a3 DMt 
(4.21) 
t 
where, ACONt = average annual total electricity consumption 
per domestic consumer (kWh) 
ACONt 
N= 
average annual consumption of electricity 
purchased on unrestricted tariffs per domestic 
consumer (. kWh). 
A CO 
t= average annual consumption of electricity 
purchased on restricted hour tariffs per 
domestic consumer (kWh). 
ART = average revenue received per kWh for total 
domestic sales (pence). 
ARUM = real average price for annual domestic sales 
per consumer of 5000 'kWh (pence/ kWh). 
ARR = real average price for annual domestic sales 
per consumer of 10000 kWh (pence/. kWh). 
yt = real disposable household income (£) 
DMt = degree months (to a base temperature of 15.5 
°C. ). 
The full pooled model, which includes eight sets of dummy 
variables to differentiate between each Area Board and the 
seven years of the sample period (1972/ 73 to 1978/79) is 
illustrated in equation (4.22) for total sales per consumer. 
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ACON. 
T= 
ao + al ARS + a2 Yet + a3 DMjt 
12 12 
+IbD, + 
7- C (D, ART ) 
J=2 
3 3t j=2 j 3t 3t 
12 12 
+ d; (D ,ty, t) 
+'Zf(DDM 
i=2 j=2 3 
7 7T 
+ gt Tt +' ht (Tt ARS )+ 
kt(TtYjt) 
t=2 t=2 t=2 
7 
+J: 
2 
t(Tt 
DMjt) + ejt (4.22) 
where, Djt = dummy variable for Area Board 
j taking the value 1 for Board j and 0 
for all other Boards. 
T= dummy variable for time period t 
taking the value 1 for a particular 
year and zero for all other years. 
eft = error term consisting of regional 
temporal and stochastic components. 
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In cases where price data are available in other than 
indexed form, debates over the relative specification 
merits of average and marginal prices abound. This 
study favours the use of average price for domestic 
markets. To instead employ marginal prices in the 
model specification first requires assumptions of 
particularly good consumer price awareness. Since 
electricity (and gas) are commonly paid for up to three 
months in arrears, a more reasonable hypothesis is 
that consumers are aware of the overall size of their 
bill in relation to the quantity of electricity or gas 
that they have consumed. This leads naturally to the 
inclusion of average prices in the demand equation. 
For residential electricity demand in the U. K. , the 
distinction between average and marginal prices is 
anyway somewhat superfluous since over the period 
of study no rate schedules have been in operation. 
Rather, consumers have faced a standing charge for 
the facility of electricity supply and then a constant 
(marginal) price for each unit (kWh) of electricity 
consumed. Measures of average price employed in 
estimations of equation (4.22) reflect both the unit 
charge and also a proportion of the standing charge 
(averaged over the total number of units consumed). 
These statistics are prepared by the U. K. Department 
of Energy and describe well the average cost to a 
consumer of each kWh consumed. 
Only when a rate schedule is in operation and a good 
knowledge of consumption rates can be assumed 
(commercial and industrial customers for example) 
can the use of marginal prices be defended. In applications 
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where consumers' perception of marginal prices 
is suspect, an analysis of component price effects 
is unlikely to produce meaningful results. 
At their most detailed, the models developed over the 
remainder of this chapter progress half way to the 
investigation of marginal price effects. The practice 
of lagged payment of domestic energy bills, therefore 
restricting consumers exposure to price information, 
suggests that the role played by average price in 
formulating consumers' price awareness is fundamental. 
However, when in the simultaneous equations model 
price is considered endogenously, three other equations 
are introduced into the model to explain in reasonable 
and defensible detail the manner in which price influences 
consumption. This expanded treatment of prices is 
dealt with in Section 4.7. In this static analysis the 
equation for total electricity consumption per domestic 
consumer uses average revenue data, the equation for 
unrestricted sales an average price representative of 
an annual consumption of 5000 kWh and the equation for 
off-peak sales an average price representative of 
consumption at 10,000 
kWh per year. 
Regression results for the three estimations of 
equation (4.22) are given 
in Tables 4.23,4.24 and 
4.25. Only those dummy variable terms which proved 
statistically significant at or near the 
5% level have 
been retained in the final estimation. An index of the 
dummy variable subscripts is set out overleaf. 
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TABLE 4.22 
Subscript Area Board 
1 South Eastern 
2 Southern 
3 South Western 
4 Eastern 
5 East Midlands 
6 Midlands 
7 South Wales 
8 Merseyside & 
North Wales 
9 Yorkshire 
10 North Eastern 
11 North Western 
All regressions were performed in linear terms 
a priori reasoning does not suggest any preference 
for the double logarithmic form and did not show any 
statistical advantage in estimation. A generalised 
autocorrelation model similar to equation (3.52) was 
estimated for each of the three sets of residuals but 
only in the total consumption regression was the 
presence of significant autocorrelation confirmed. 
Results are given in Table 4.26. Transforming the 
regression to differences using equation (3.53) did 
not show any significant improvement over the 
original form (partly through the low descriptive 
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power of the autoregressive model) and so the 
differenced equation was abandoned in favour of 
the original linear form. 
ejt = Pejt-1 + D1 ejt-1 + /\2 D2 ejt-1 + ""' 
+ý11D11ejt-1 (3.52) 
k 
ACONý -p ACONý 
-1 
= (Xijt PXijt-1) (3.53) 
where /9 +ADe with subscript k 
kkk jt-1 
representing significant dummy variable terms. 
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TABLE 4.23 
Static Model of Annual Total Electricity 
Consumption Per Domestic Consumer 
Variable Coefficient St. Deviation t-Statistic 
Constant 3409.6 444.2 7.68 
1 ARý -858.0 124.8 -6.87 t 
4- 
y jt 
17.624 2.678 6.58 
DMjt 13.767 2.522 5.46 
Dit 691.99 39.00 17.74 
D2t 902.54 51.02 17.69 
D3t 1487.76 51.29 29.01 
D4t 713.58 35.54 20.08 
4- 
D5t -147.73 34.41 -4.29 
qLf 
D6t . 647.11 77.33 8.37 
D7t -127.44 37.56 -3.39 
D8t 200.15 35.22 5.68 
qL 
D9t -166.28 35.97 -4.62 
D10t -434.81 . 36.29 -11.98 
Dlit -2.795 1.221 -2.29 
ARS D -144.0. 50.96 -2.83 6t 
T2 2 -56.33 ". 33.06 -1.70 
R2 = 0.986 
ART = average revenue received per kWh for total 
it domestic sales (pence). 
Yet = real disposable household income (£). 
DM. 
t 
= degree months (to a base temperature of 15.5ýC). 
ý 
2. T2 = intercept dummy variable for 1973/ 74. 
* estimate is statistically significant at the 5% level. 
44 eSE: cý, te. 'G atgrýýýcwnt opt 
the, 1 °k \ev el 
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TABLE 4.24 
Static Model of Annual Unrestricted 
Electricity Sales Per Domestic Consumer 
Variable Coefficient St. Deviation t-Statistic 
K r. 
Constant 2935.0 213.1 13.77 
ARUM -689.80 40.60 
ý* 
-16.99 
y; 
t 
14.201 1.899 7.48 
AK 
DM . 
8.019 1.464 5.48 
t 
4' 
Dlt 221.14 31.45 7.03 
4. 
D 2t 342.00 
32.74 10.45 
D3t 601.21 35.91 16.74 
It 
D4t 203.31 31.03 6.55 
4- 
"D 5t -150.56 
29.69 -5.07 
4- OK 
D6t 337.87 28.92 11.68 
D7t - 90.53 32.72 -2.77 
f- IF. 
D8t 418.51 30.71 13.63 
D9t -125.23 31.44 -3.98 
4It 
D10t -429.89 31.52 -13.64 
T2 2 - 90.15 24.66 -3.66 
R2 = 0.960 
1. 
AR 
UN 
= real average price for annual domestic sales 
per consumer of 5000 KWh (pence/ kWh). 
2. T2 = intercept dummy variable for 1973/74. 
, IL Q5urn"Vt- t6 
S+ýfl Cxný ck t4 S% Ievt. 
*, esý-ýmc t is 5ý3hdýccu 
tt Ehe. y1 level 
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TABLE 4. Z5 
Static Model of Annual Restricted 
Hour Electricity Sales Per Domestic 
Consumer 
Variable Coefficient St. Deviation i t-Statistic 
Constant 3619 1177 3.07 
ARR 1 -1236.84 92.18 
crý 
-13.42 
yet 32.28 10.12 
4- 
3.19 
C 
DMjt 32.885 8.649 3.80 
I- 
D2t 1844.4 389.8 4.73 
IL 
D3t 819.3 193.3 4.24 
Dot 2156.4 155.1 13.91 
K4l 
D7t 2447.1 169.0 14.48 
D8t 2069.0 379.0 5.46 
Dlot 1668.6 155.5 10.73 
D ARR 730.7 231.7 
x 
3.15 
lt 
R 
At D2 - 651.8 244.8 
f, 
-2.66 t 
AR6 D - 580.7 245.1 
St. 
-2.37 6t 
D8t AR8 - 591.8 242.8 -2.44 
Dit Y1t 7.640 4.678 1.63 
D5t Y5t 15.719 2.112 
IS. 
7.44 
D6t Y6t 
T2 2 
8.085 
279.1 
4.916 
122.1 
1.64 
cfý 2.29 
R2 = 0.913 
1. ARR = real average price for annual domestic sales per 
jt consumer of 10000KWh (pence/ kWh). 
2. T2 = intercept dummy variable for 1973/4.236 
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TABLE 4.26 
Autocorrelation Model For 
Total Consumption Regression 
Variable Coefficient St. Deviation t-Statistic 
9- 
e 0.3825 0.1240 3.08 jt-1 
D1eit-1 -0.5173 0.3943 -1.31 
D2eit-1 -0.6318 0.4902 -1.29 
D4eit-1 -0.8934 0.6076 -1.47" 
D7ejt-1 -0.5130 0.2919 -1.76 
R2 = 0.140 
*estimate is statistically significant at the 
5% level. 
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Econometrically, the results in Tables 4.23,4.24 
and 4.25 appear satisfactory. Each regressor 
explains a high proportion of observed variation and 
independent variables show good statistical significance 
with the correct sign. Although the predominance of 
regional dummy variable terms over their temporal 
counterparts is understandable in view of the emphasis 
given to cross-section data in the pooled sample (twelve 
regions over seven years). the significance of the 1973/ 74 
intercept dummy variable in the unrestricted and off-peak 
equations and its near significance in the total consumption 
equation is interesting. 
The total consumption equation suggests a small negative 
shock effect passing through the autonomous component 
of consumption in 1973/74. Changes of intercept in the 
unrestricted and off-peak components of demand suggest 
that the net effect was compounded from two opposing 
substitutions; a conservation effect in full rate electricity 
consumption and a substitution towards electricity in 
off-peak space and water heating demand. Whilst not 
intuitively obvious these inferences are nevertheless 
plausible. The 'Save It' campaign which followed the first 
round of oil price rises urged frugality in home energy 
consumption. In premium uses a combination of this 
conservation message and price information, which by 
1974 had begun filtering through to consumers, may have 
induced the savings indicated, in Table 4.24. In off-peak 
demands, Table 4.25 suggest that the conservation effect 
was overwhelmed by a substitution towards electricity 
induced through favourable movements in the price 
relative to oil (and for a short while coal). The static 
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models showed no evidence that the 1973 oil price rises 
had any impact upon demand elasticities. 
Most of the regional variation in demand patterns 
appears as differences in the autonomous components 
of demand. Only in the model of unrestricted sales are 
there significant departures from the common price and 
income relationships (with just one exception). In this 
model, the elasticity differentials have proved significant 
at the expense of some intercept terms and the high 
statistical definition of constant and intercept dummy 
variables in the total and unrestricted sales equations 
may suggest an oversimplified specification. 
In the off-peak sales model differential price elasticities 
are suggested for London, the South East, the Midlands 
and South Wales. Price response is lower in London and 
higher in the other three regions. Income response is 
higher in London, East Midlands and the Midlands. 
The Midlands also shows a significant differential price 
effect in the total consumption model. Overall these 
price and income variations are consistent with 
differences to be expected between traditional industrial 
and coal mining regions and the more commercial and 
heavily urbanised south. 
London Electricity Board supplies only to urban 
domestic premises and the low price response estimated 
for off-peak sales conceivably reflects the higher 
proportion of rented accommodation of smaller than 
average si-, e and the high number of multiple dwelling 
buildings which are typical of a city's housing 
stock. Landlords have little financial incentive to 
install wet central heating systems with lower 
running costs than electrical systems. Preference is given 
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instead to the lower capital outlays associated with 
electric central heating. Similarly multiple dwelling 
buildings, in which installation of gas, oil or coal central 
heating is often impracticable, also favour off-peak 
electric systems. Urban areas therefore show a higher 
than average preference for electric central heating. 
The reverse seems to be true of the coal mining areas 
of the East Midlands, the Midlands and South Wales. 
Effects of concessionary coal upon the demand for other 
fuels are probably two-fold. First there is a direct 
reduction in other demands because of the concessionary 
supplies to those people involved in the coal industry, 
and secondly coal's share of the market is further enhanced 
through established societal links with coal. Response to 
electricity prices in these areas is therefore higher 
through the reduced necessity of electricity as a supplier 
of residential space heating. 
Elasticities produced from the three static demand 
equations are given in Table 4.27. They show inelastic 
response to prices and income and significantly less than 
proportional adjustment to degree days. This last result 
casts further doubt upon the adequacy of a static demand 
specification since estimation of off-peak space heating 
utilisation in the logistic demand model suggested close 
to proportional degree-day adjustment (equation 4.19). 
It is correct that the total consumption and unrestricted 
sales equations show lower temperature response than 
off-peak sales, but the size of the shortfall from proportionate 
adjustment implies that the constant and intercept terms 
representing autonomous consumption are absorbing rather 
more of observed consumption levels than can be legitimately 
defended. 
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TABLE 4.27. 
Price, Income and Degree Month Elasticities 
Derived From Static Model (equation (4.20) ) 
For 1978/ 1979 
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Through the nature of regression coefficients produced 
l from pooled samples, the elasticities produced from 
the static regressions are composite short and long run 
terms. Since the number of cross section elements is 
larger than the number of time periods, the estimates in 
Table 4.27 lend themselves more to long run interpretation 
than they do towards the short run. Price elasticities 
derived from these static models are comparable to 
estimates made by Jorgenson (7 ) (-0.40), Nelson (13 ) 
(-0.28) and Hirst (18) (-0.18), for the United States. 
Income elasticities show support for those estimated by 
Jorgenson (7 )(0.40), Halvorsen. ( 12)(0.50), Nelson (13) 
(0.27) and Chern (19)(0.44) which are also all drawn from 
models estimated with U. S. data. Comparison with 
dynamic models has not been made because of the intrinsic 
differences in their specification and in the meanings 
attached to regression coefficients. 
Overall, the results of the estimations made in this section 
suggest that a static framework is not adequate to reflect satis- 
factorily the structure of aggregate domestic electricity 
demand patterns. The relatively large contribution to 
each equation by the autonomous components stresses the 
compounded nature of energy demand; a demand for stocks 
of energy consuming appliances and the demand for the 
services provided by these appliances. Although appliance 
stock data disaggregated by region are not available, the 
dynamic analysis conducted in the next section attempts 
to provide a less restrictive framework for the study of 
aggregate domestic electricity demand, principally through 
investigating that part of domestic electricity consumption 
which in a static analysis appears as autonomous. 
1. See Appendix II 
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4.6 Dynamic Models Of Residential Consumption 
Amongst the studies reviewed in Chapter Two were a 
relatively small number which considered dynamic 
elements of consumers' behaviour. Invariably this 
was achieved through either explicit or notional 
treatment of consumers' expectations. Varying 
simulations are employed but each is inevitably 
somewhat arbitrary. Expectations are not after all 
observable. To start with a piece of information 
depicting market outcome and work backwards within a 
dynamic framework towards unveiling structural 
relationships may impute elements to consumers 
behaviour-which simply do not exist. There is a limit 
to what can legitimately be assumed of consumers' dynamic 
behaviour and this limit is reached within quite 
elementary simulation models. 
Many authors of dynamic studies, Uri (27), Baughman 
et al (31) and Balestra (6) for example, have been 
reluctant to proceed in their works beyond a simple 
adjustment mechanism similar to that in equation (4.23). 
Because of the limits of what one can reasonably expect 
available data to reflect, this study goes no further in 
simulating dynamic behaviour than the consensus 
established in these previous works. 
Equation (4.23) is used as a means of transforming 
consumer expectations into a relationship which can 
be estimated. 
Yt - Yt-1 ýýYt - Yt-1ý (4.23) 
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It is assumed that consumers do not move from one 
0 
equilibrium position to another but rather that they 
are permanently engaged in an adjustment process 
attempting to match their consumption of energy 
derived services (in this case electricity) with some 
objectives formulated on the basis of a series of state 
variables. The coefficient X describes the proportion 
of desired change which is achieved during the year. 
Values of A greater than 1 imply that expectations have 
been exceeded, whilst values of A less than 1 imply 
only partial adjustment. 
Equation (4.24) gives the adjustment mechanism 
applied to total electricity sales per domestic consumer. 
Substituting this equation into the general ex ante 
demand equation (4.25) yields, upon re-arranging, 
an ex post demand equation (4.26). From this last 
equation values of 
% and of coefficients in the 
ex ante demand equation can be estimated. 
ACON T- ACONt 1 =A 
(ACONt *- ACONt 1 
where ACON t* = 
desired total electricity 
consumption per domestic 
consumer in year t. 
ACON t= recorded total electricity 
consumption per domestic 
consumer in year t. 
A CON 
t_k 
bi Xit + et 
i=1 
ACONT =kX bi Xit + (1 - 
%) ACON 
t-1 i=1 
(4.24) 
(4.25) 
(4.26) 
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The coefficients b, 
i 
in equation (4.25) are usually 
interpreted in a long run framwork because of their 
place in developing consumers' expectations. 
Coefficients (Ab 
i) in equation 
(4.26) relate to shorter 
time periods because of their multiplication by the 
adjustment coefficient. 
Within a pooled model, where the interpretation of 
regression coefficients is made difficult through the 
joint use of cross-section and time series data, the 
further distinction between short and long run responses 
compounds rather than alleviates natural questions over 
coefficients' meanings. However, because of the 
tendency for time series estimates to reflect short 
term behaviour and for cross sections to reflect 
long run behaviour, it could alternatively be argued 
that the application of a partial adjustment mechanism 
to a pooled data sample brings to coefficients a clarity 
of interpretation which is absent in static analyses. 
Such an inference is no stronger than those which purport 
simultaneously to uncover, without any question of 
interpretation, short and long run regression coefficients 
from separate analyses of time series or cross 
sections. It is not necessary to dwell upon the subtle 
differences between short short-run coefficients and 
long short-run coefficients (if indeed there are any) but 
sufficient to note that even in established and fairly " 
elementary models the questions of coefficient 
interpretation extend considerably beyond pooled samples. 
2,15 
Each of the three demand equations (total, 
unrestricted and off-peak) has been specified with 
the same independent variables as in the static 
analyses; average price, household income and 
degree months. The total consumption equation 
again uses average revenue data whilst the two 
components of the second model again use representative 
average prices (for annual consumption levels of 
5000 kWh and 10000 kWh respectively). Equation 
(4.27) gives the reduced form of the total consumption 
equation after substitution of the adjustment mechanism 
(4.24). It should be noted that the error term is a 
composite variable and because of the transformation 
undertaken is autocorrelated with the scheme given 
in equation (4.28). Estimation results for the three 
demand equations are given in Tables 4Z7A, 4.28 and 
4.29. Elasticities are given in Tables 4.30 and 4.31. 
ACON 
T= (b1 %T) ARýt + b2 A T) 
Yjt +(b3 AT 
T 
12 T 
DMjt + (1 %T) ACONjt-1 +7 Cj (DjtAR. t) + 
j=2 
12 12 7 
dj, (D 
it 
Yjt)+ Lf 
j , 
(D 
J , tDM J , t) 
+ 
. ht(TtAR 
jt) + 
j=2 j=2 t=2 
77 
I kt (TtY. 
t) + 
T-lt (TtDM 
jý t) +W ,t 
(4.27) 
ý 
j=2 j=2 
where, D, t = regional 
dummy variable for 
3 region j. 
Tt= temporal dummy variable for t. 
Wit ýi' %T) WJt_1 (4.28) 
246 
TABLE 4.27 A 
Dynamic Model of Annual Total Electricity Consumption 
Per Domestic Consumer 
Variable Coefficient St. Deviation t-Statistic 
T ocfi 
ARS -473.13 52.17 -9.07 
Yjt 21.667 1.905 
If- I. 11.38 
DMjt 17.564 1.377 
+f, 
12.75 
ACONý 0.46071 0.03285 
-f, -f, 14.03 
1 
D ARý -100.10 57.03 -1.76 7t t 
D ARý -176.68 62.04 -2.85 9t t 
ARý D -111.37 22.80 
x 
-4.89 t lot 
Yjt Dlt 4.1468 0.5165 8.03 
Yjt D2t 5.8262 0.5987 9.73 
Yjt D3t 14.0380 0.9531 14.73 
Yjt D4t 6.5432 0.6599 9.91 
Yjt D6t 2.8250 0.5136 
fl. 
5.50 
Yjt D7t 3.590 1.390 2.50 
Y. t 
D8t 2.4203 0.5251 4.61 
Yjt D9t 3.108 1.407 2.21 
T2 1 AR 
ý 67.32 21.43 3.14 
t 
R= 0.999 
1. T2 = time dummy variable for 1973/74 
ak O c. 5% kQv 'c k 4ýgrtýý'ýcaºraºý lhC 1d((ltv 
l 
el 
TABLE 4.28 
Dynamic Model of Annual Unrestricted 
Electricity Sales Per Domestic Consumer 
Variable Coefficient St. Deviation t-Statistic 
AR 
UN 
-397.41 45.63 -8.71 
Y. 
t j 
21.596 2.046 all 
We 
10.55 
DM 
J .t 
12.123 1.085 11.18 
ACON 0.45260 0.04432 
4t 
10.21 
. 
ARUM D 364.3 128.4 
11 
2.84 
2t 
ARUM D3t 241.68 23.05 
ýOt 
10.84 
UND 
AR 344.6 119.6 
41, 
2.88 
4t 1 
U 
D7t AR N 47.85 15.32 3.12 
Yjt D2t - 6.160 2.907 
It 
-2.12 
Yjt D4t - 6.869 3.280 -2.09 
Yjt D6t 2.1709 0.4456 4.87 
Yjt D8t 4.0560 0.5678 7.14 
Yjt D10t - 2.5252 0.4854 
-n 
-5.20 
R2 = 0.999 
4. e5E1rn#C, is f-iWiP. tctiRIr c. 4- tilg. 5%0 level 
'1-4- OL- m"Ve is 51,9n Wiccmt Ot the I% level 
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TABLE 4.29 
Dynamic Model of Annual Restricted 
Hour Electricity Sales Per 
Domestic Consumer 
Variable Coefficient St. Deviation t-Statistic 
ARR -845.8 192.7 - 4.39 
Yjt 14.951 6.041 2.47 
DM 
J. t 
64.07 10.40 dt 6.16 
R 
ACON 4 . 
, fit-1 
0.37522 0.07508 5.00 
R D AR 593.1 125.5 
It 
4.72 
lt . i 
ARR D - 611.5 127.6 - 4.79 6t 
ARR D -628.8 131.5 - 4.78 9t 
D Y 4.638 2.512 1.85 2t jt 
Yjt D3t 4.791 2.529 1.89 
Yjt D4t 8.950 2.640 3.39 
Yjt D7t 15.246 3.085 4.94 
Yjt Dlit - 13.935 3.142 - 4.44 
ARR T2 1 698.5 206.4 3.38 
R2 = 0.998 
1. T= time dummy variable for 1973/74 
*estimate is statistically significant at the 5% level. 
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In each of the three regressions lagged consumption 
appears statistically significant (although more so in 
the total and unrestricted equations than in the off-peak 
model). In separate time series and cross section 
studies this variable normally assumes an overwhelming 
level of importance, consequently leading to overstated 
values of (1 -A) (usually above 0.9). and very low values 
for remaining coefficients bi suggesting that demand does 
little but follow an inertial trend. This has been largely 
avoided in the pooled regressions. Statistical significance 
of all variables is comparable in each equation and values 
for (1 -N) are all well below unity. Indeed, the equations 
suggest that only half of expectations are fulfilled; 
54% - 55% for total and unrestricted consumptions and 62% 
for off-peak consumption:; These estimates imply 
adjustment periods of 1.8 years and 1.6 years respectively. 
Each of the equations shows an improvement in fit over the 
static model form. Generally higher levels of variable 
significance also suggest that replacement of the autonomous 
components of consumption with a dynamic element has 
provided a more appropriate mathematical framework for 
analysing residential electricity consumption. Although 
each equation by definition suffers from autocorrelation, 
only in the off-peak consumption equation was evidence of 
serial error term correlation detected (f = -0.54). 
Transforming the equation using a first order autoregressive 
scheme (equation (3.53))/did not improve either definition 
of parameters or the equation's fit and so the transformation 
was abandoned. In the remaining two equations the 
absence of autocorrelation is paradoxically a cause for 
concern since it implies that part of the error term has 
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been absorbed within the set of independent variables. 
It is most likely that the lagged dependent variable is 
at fault since it is correlated with the error term 
(Wjt =(1 -A) Wit-1). Consequently it is possible that 
the (1 -A ) coefficient has been overstated in the total 
consumption and unrestricted consumption equations 
and that A is therefore understated. The higher level 
of significance of (1 - -% ) in the first two equations 
complements this hypothesis. The difference in partial 
adjustment coefficients between the first two equations 
and the third equation may therefore be an econometric 
rather than an economic result. 
Surprisingly, only the . total consumption and off-peak 
dynamic equations showed any significant change in 
regression coefficients during 1973/74. No evidence 
was found to support the proposal made in the static 
analyses of a small conservation effect in unrestricted 
' electricity sales after the rise in oil prices. It is 
likely that the 3% shock wave recorded by the static 
model in 1973/74 has been accommodated in the dynamic 
model, under the interpretation of lower consumer 
expectations, within the influence of the lagged dependent 
variable. Whereas in the static analysis the conservation and 
substitution effects could be identified as no more than 
changes in autonomous consumption, the dynamic analysis 
assigns the substitution to the effects of price. The price 
elasticity of off-peak sales declined by 83% in 1973/74 as 
electricity for a short while became more cornpetetive 
relative to other heating fuels. The price elasticity of total 
domestic demand showed a 14% decline. The relatively 
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TABLE 4.30 
Short Run Price, Income and Degree Month 
Elasticities Derived From Dynamic 
Model (equation 4.27) For 
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TABLE 4.31 
Long Run Price, Income and Degree Month 
Elasticities Derived From Dynamic Model 
(equation 4.27) For 1978/79 
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large impact of the oil price rises on off-peak electricity 
demand can be attributed to the close competiton between oil 
and electricity for domestic central heating markets in areas 
where gas is not available. 
TABLE 4.32 
Average Short and Long Run Elasticities 
(For 1978/79) 
Variable ART ARt 
N 
ARR Yt Yt 
N 
YR Dlvý DM 
tN 
DMR 
Short-run 
Long-run 
"-0.24 
-0.45 
-0.20 
-0.36 
-0.19 
- 0.31 
0.45 
0.84 
0.47 
0.86 
0.19 
0.52 
0.35 
0.64 
0.30 
0.54 
0.74 
1.19 
Table 4.32 summarises the short and long run demand elasticities 
derived from the dynamic models and which are given in Tables 4.30 
and 4.31: The table shows that unrestricted and off-peak domestic 
electricity sales are both price and income inelastic and that so 
therefore are total domestic sales. These results agree with 
elasticities derived from the unrestricted water heating, off-peak 
space heating and off-peak water heating average consumption equations 
of the logistic analyses (respectively Table 4.8 in Section 4.1 and 
Table 4.13 and equation (4.10) in Section 4.2) but contrast with price 
and income elasticities for unrestricted space heating electricity 
demand which are highly elastic (Table 4.7 in Section 4.1). However 
the dynamic models developed in this section relate to all unrestricted 
sales, including electricity consumed 
for powering non-heating 
appliances. Combining these 
loads with unrestricted space heating 
demand would conceivably show reductions in price and income 
elasticities down to inelastic 
levels. 
254 
Elasticities produced from the remaining space 
and water heating consumption equations of Section 4.31 
which must also be interpreted in a short-run frame- 
work because of their time series origins, are still 
rather higher than the short run estimates given in 
Table 4.32. Part of the difference may again be 
related to the aggregate coverage of the pooled samples 
which incorporate non-heating appliances omitted from 
the separate time series regressions. Part is also 
attributable to the simple model framework of the pooled 
dynamic analysis. No attempt has been made (because 
of data availability) to separate ownership and utilisation 
in the aggregate studies in the way that was done in the 
logistic analyses. 
" 
Although elasticities derived from the last set of 
regressions purport to be short run in nature, they are 
not directly comparable to those produced from the 
utilisation equations. In addition to the effects of 
price and income on appliance usage, the pooled 
estimates also reflect short run price and income 
influences on appliance ownership. Since the latter 
are much lower than utilisation elasticities, the 
weighted average of both sets of effects produces 
estimates rather lower than the utilisation elasticities 
given in Section 4.3. 
Elasticities from the pooled models are comparable to 
estimates made by other authors except that only one 
study could be found which relates purely to the 
U. K. domestic markets. Considering just total 
sales (since none of the dynamic studies reviewed made 
1. The study by Ruffel (26 ) 
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a distinction between unrestricted and off-peak demands) the 
price elasticities derived in this analysis support those 
suggested by Houthakker and Taylor (34), Murray (30), 
Ruffel (26), Betancourt (35) and Parhizgari and Davis (29), 
but differ from tie elastic estimates produced by Uri (27) 
and Berndt and Watkins (32) and the remaining high values 
suggested by Lebanon (4) and Baughman and Jaskow (31). 
Support for the income elasticities derived in other studies 
falls rather differently. Estimates derived here are close to 
those made by Murray et al (30), Parhizgari and Davis (29) 
and Baughman and Joskow (31), but differ widely from those 
suggested by Uri (27), Berndt and Watkins (32), Lebanon (4) 
and Houthakker and Taylor (34). Table 4.33 illustrates the 
comparisons and differences. 
TABLE 4.33 
Comparison of Price & Income Elasticities 
Study 
Price 
st' ities 
Income 
E asticiti s 
Comments 
Author 
Short Long Short Long Period Country 
run run run run 
Baughman (31) -0.13 -0.80 0.10 0.62 1965/ 1972 
U. S. A. 
Uri (27) -0.21 -1.15 0.04 0.22 1972/ 1978 U. S. 
A. 
Parhizgari (29) -0.15 -0.15 0.71 0.71 1964/ 1974 
U. S. A. 
Berndt (32) -0.20 -0.69 0.03 0.13 1959/ 1974 Canada 
Murray (30) -0.60 -1.01 0.69 0.99 1958/ 1973 U. S. 
A. 
Ruffel (26) -0.17 - 0.45 - 1955/ 1966 U. K. 
Betancourt (35) -0.14 - 0.22 - 1972/ 1976 U. S. A. 
Houthakker (34) -0.27 -0.40 0.13 1.94 1929/ 1964 U. S. A. 
Lebanon ( 4) - -0.73 - 1.34 1955/ 1970 OECD 
This Study 1 -0.24 -0.45 0.45 0.84 1972/ 1979 U. K. 
1. Total consumption pcr uu-r, - - %. unsumer muuea. 
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Tables 4.30 and 4.31 illustrate respectively 
regional differences in short and long run 
elasticities. The distribution is the same in each 
table because long run elasticities are derived by 
dividing the estimated short-run figure by the partial 
adjustment coefficient A. 
With a relatively minor number of exceptions, 
elasticities for total electricity consumption per 
household lie between those of unrestricted and 
off-peak demands. For degree months the unrestricted 
sales elasticity is everywhere lower than the off-peak 
elasticity reflecting the lower proportion of unrestricted 
sales which are made for space heating. The same is 
not true of price and income elasticities where the 
majority of unrestricted elasticities are in magnitude 
higher than the accompanying off-peak elasticities. 
This is not a perverse result and is defensible from 
the model's specification. 
It has already been noted that elasticities produced 
from dynamic models are composite in nature, 
reflecting both the influence of application utilisation 
and of short run price and income impacts upon 
appliance ownership (long run effects are captured 
by the lagged dependent variable). Since the 
appliances connected to off -peak supplies are, in 
general, more costly than those connected to full-rate 
supplies, the opportunities for varying off-peak 
appliance stocks in the short run are more limited 
than the already small possibilities of changing 
unrestricted appliance stocks over the short term. 
Elasticities produced for off-peak electricity sales 
reflect only that the combination of utilisation and 
short run ownership effects upon demand is smaller 
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than the combination for unrestricted sales. 
Nothing can unfortunately be said of the separate 
components. Some guide is given from the 
earlier analysis of equations (4.17) and (4.19) which 
indicate that off-peak utilisation rates are less 
responsive to price and income changes than direct 
acting space heating (because of the differing 
contributions of capital charges in total costs). 
Elasticities given in Tables 4.30 and 4.31 can only 
be interpreted as reduced form estimates given 
the combined effects of prices and of income upon 
electricity demand. 
A broad catalogue of regional differentials in 
price elasticities shows that predominantly 
metropolitan and industrial regions (London, 
East Midlands, South Wales, the Midlands, 
Yorkshire and the North East) tend to have higher 
elasticities than less industrialised areas such as 
the South, South East, South West and East Anglia. 
The price elasticity differences can alternatively be 
distinguished on income grounds since household income 
in southern regions is higher than averages further north. 
Regional differences in income elasticities roughly follow 
the same distribution for total electricity sales but there 
are marked variations between unrestricted and off-peak 
demands. High elasticities for unrestricted sales in 
northerly regions may reflect a higher than average 
dependence on direct acting space heating. Income 
elasticities for off-peak sales are uniformly low everywhere. 
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Degree day elasticities are higher in northern 
regions than in the south, reflecting in those 
areas the larger share of total household electricity 
consumption demanded for space heating purposes. 
Four regions show roughly proportional degree day 
adjustment in off-peak demands (similar to the 
logistic models) whilst the remaining eight areas 
(five of which are less industrialised) show only 
two-thirds proportional adjustment, indicating only 
partial reliance upon off-peak electricity for space 
heating needs. Adjustment is lowest in regions 
such as London and the South East where aggregate 
central heating ownership, principally of gas systems, 
is highest. 
Both dynamic models; of total domestic consumption 
and of consumption divided into unrestricted and 
off-peak components, give plausible results. They 
both show advantages over the static models but are 
still constrained by their simple analytical framework. 
Despite laudable econometric results, the dynamic 
models demonstrate through their limitations the 
preference for studying electricity demand at a 
disaggregated level, separated into conventional stock 
and flow components here equivalent to appliance 
ownership and utilisation. However, current avail- 
ability of data dictates that the disaggregated approach 
is not yet possible on a regional basis. Asymptotic 
advantages of pooled data samples are as yet confined 
to aggregate studies. 
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The next section develops two equations to 
describe the numbers of domestic consumers. 
Each describe the N. 
t 
term in equation (4.29) 
below. A summary of the dynamic models is 
presented at the end of the next section. 
Ek 
12 
Nkk 
t=Lt 
ACONt 
j_1 JJ 
(4.29) 
where k=T, UN, R referring to total 
electricity sales per household, 
unrestricted sales per household 
and , restricted sales per 
household 
Et 
k= 
total national domestic electricity 
demand from class k (thousand 
kWh). 
Ný = number of class k domestic 
consumers in region j (thousands). 
ACON 
t 
average household consumption of 
electricity in class k (kWh) 
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4.7 Numbers of Full-Rate and Off-Peak Consumers 
Two equations describing numbers of electricity 
consumers are required to complement. the dynamic 
consumption models developed in the last section. 
One equation is required to describe the total number 
of electricity consumers in each region, which is also 
equal to the numbers of consumers taking supplies on 
normal full-rate tariffs and a further equation is 
required to describe the number of consumers taking 
off-peak supplies. 
The first equation, (4.30) is largely demographic since 
the electricity supply industry has a statutory obligation 
to provide a supply of electricity to all those households 
who require it. Numbers of consumers in each region 
have been described using the simple specification 
employed in equation (3.86) of the disaggregated demand 
model. Population and the average number of occupants 
per household have been included as independent variables. 
Regional slope dummy variables have been included on the 
household size term to capture effects of varying family 
size. Estimation results are given in Table 4.34. 
11 
NT= b1 PJ. 
t + 
b2 NHH jt +ZD jt 
NHH 
jt 
(4.30) 
J 
j=1 
where, Pjt = population of Area Board j (000's). 
NHH 
J. t= 
number of persons per household in area j. 
Dot = dummy variable for Area j. 
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TABLE 4.34 
Numbers of Domestic Electricity Consumers 
Variable Coefficient St. Deviation t-Statistic 
44. 
P 
J. t 
0.4487 0.0077 57.73 
ß. I- . NHHit -82.293 8.528 -9.65 
Dlt NHH -40.724 6.642 -6.13 Jt 
4.4- 
D2t NHH 
Jt -117.185 
8.517 -13.76 
DR NHH 
Jt -153.340 
11.520 '-13.31 
D5t NHH 
Jt -72.931 
7.301 -9.99 
D, D 6t, NHH Jt -98.297 7.381 -13.32 
D 
8t NHH Jt -31.396 
5.433 
4- 
-5.78 
D9t NHH 
Jt -50.408 7.048 -7.15 
D10 NHH 
jt -19.277 5.559 
4, 
-3.47 
Dlit NHH 
Jt -69.506 7.590 -9.16 
R2 = 0.999 
e5Umo, ýt, i6 s, %8MpiC V aV Ehe, 5110 level 
is siQniýicav, l- aý" the, t '. \eve\ 
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The regression has a very high explanatory power 
and both independent variables show good statistical 
significance with the correct sign. Nine differential 
slope terms proved significant and their coefficients 
each reflect the impact of regional family size 
differences. Unfortunately, Table 4.35 shows that 
the model for total numbers of domestic consumers 
is troubled by autocorrelation. 
TABLE 4.35 
Autocorrelation Model For Total 
Consumers Equation 
Variable Coefficient St. Deviation t-Statistic 
e * 0.853 0.072 11.79 ft-1 
R2 = 0.662 
77ý 
*No differential slope terms proved statistically 
significant at the 5% level 
Whilst resulting partly from the simple specification 
employed, the very high descriptive power of the 
equation also accentuates the variables measurement 
measurement errors, which are normally inconspicuous 
through their small contribution to the error term. 
Transforming the specification to a form similar to that 
of equation (3.53) did not show any improvement in the 
definition of the independent variables. Therefore the 
original equation, given in full form in equation (4.32), is 
tentatively adopted as an adequate description of both the 
total number of residential consumers in each region and 
the number of consumers taking supplies under normal 
full-rate tariffs. 
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r" 
Ný = 0.4487 Pit - 82.293 NHH. - 40.724 Dlt NHHýt 
- 117.185 D2t NHH jt - 
153.340 D3t NHH 
jt 
- 72.931 D5t NHHjt - 98.297 D6tNHHjt 
- 31.396 D8t NHH J. t - 
50.408 D9t NHH 
jt - 
19.277 D10t NHHt - 69.506 Dlit NHH jt 
(4.31) 
where Nt= total number of residential 
electricity consumers in Area 
Board j. 
= total number of residential 
consumers in Area j taking 
electricity supplies on full-rate 
tariffs. 
The regression specified to describe the number of 
off-peak consumers in each Area Board is given in 
equation (4.32). Since connection to an off-peak 
supply implies the use of electricity for a sizeable 
part of a household's space and water heating 
requirements, the equation describes numbers of 
. consumers 
in terms of the principal determinants of 
off-peak market size. The availability of gas in 
each Area and the size and density of the dwelling 
stock feature prominently in the equation. 
The variables reflect the very high penetration of gas 
central heating which has developed in areas where gas 
is available because of its clear running cost 
advantages over other fuels. Unlike the electricity 
supply industry, the gas industry does not have a 
statutory obligation to supply domestic consumers and 
extensions of the gas grid are normally required to 
show a worthwhile return upon investment. 
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High penetrations of coal,. oil . and electrical 
central heating are therefore broadly confined 
to those parts of each region in which gas is not 
available and to dwellings, such as flats, within 
the gas grid which are not suited to -gas central 
heating. Housing density and miles of gas mains 
are therefore included to capture the effects which 
gas availability and the degree of urbanisation have 
upon the reliance on electricity as a central heating 
fuel. Although these two variables show a strong 
causal association, their separate movements are 
still distinguishable. For example, the Southern 
and Eastern Electricity Boards contain roughly 
comparable lengths of gas mains but housing 
density in the Southern Area is three times that in 
the Eastern Board. 
Permanent income and the relative price of 
electricity to gas are included in the specification 
to represent firstly the variation in central heating 
ownership attributable to consumer wealth (part of 
the variation will be determined by the availability 
of gas) and secondly the role of relative prices in 
the choice of electricity as a central heating fuel. 
Estimation results are given in Table 4.36 with only 
significant dummy variable terms retained in the 
final estimation. 
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NR jt =b1 Ypjt +b2ý GM .t+b3ý DS .t+b4ý HD .t+b5 
RP 
jt 
(4.32) 
where, NR = number of domestic off-peak consumers 
in Area j (000's) 
Yp = real permanent household income in 
Area j (£). 
GM. 
t = miles of gas mains 
in Area j (000's) 
DSjt = stocks of dwellings in Area j (000's) 
HDjt = housing density in Area j (dwellings per 
square mile). 
RPjt = relative price of electricity to gas in 
Area j. 
The equation for off-peak consumers shows the same 
high descriptive power, of the equation for total numbers 
of domestic consumers. A generalised autocorrelation 
model confirmed however that the good fit of this second 
equation has been achieved without serial correlation of 
the error term. The significance of explanatory variables 
is mostly satisfactory though the low determination of 
the gas mains and dwelling stock variables may reflect 
the strong association evident amongst all three physical 
variables. Insignificance of the price term is surprising 
and suggests, in common with the result from Section 4.2 
although less conclusively, that relative fuel prices are 
not principal determinants of the numbers of domestic 
electricity consumers taking off-peak supplies. 
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TABLE 4.36 
Numbers of Domestic Off-Peak 
Electricity Consumers 
Variable Coefficient St. Deviation t-Statistic 
p ac 41 
Y Y. 1.6306 0.1339 12.18 
GMjt -7.395 3.856 -1.92 
DSjt 0.06318 0.0287 
4- 
2.26 
HDjt -0.14616 0.0215 -6.77 
Rpjt -2.810 1.910 _1.47 
Y Y. D -0.56346 0.0618 -9.12 lt 
P 
Y _0.4446 0.1033 -4.30 it 2t 
P 
t D 
Y -0.69 0.1118 
41 
_6.20 j 3t 
p 
t 
D Y -0.7650 0.0649 
41C 
-11.79 j 5t 
P 
D6 
t 
Y -0.5744 0.0929 
$- 
-6.18 i t 
P 
jt D -1.3653 0.0845 -16. 
cc /( 16 
7t 
p 
D8 Y. _1.2746 0.1318 
i 
-9.67 
P 
t 
D Y -0.7005 0.1086 -6.45 j 9t 
P 
t D 0 -1.0504 
0.0892 -11.7A 
It 8 
1 tj 
1' 
t D -0.4894 
0.0934 - 5.2 llt j 
2 R = 0.999 
*estimate is statistically significant at the 5% level. 
4 ac esEýºmcýEe ýs sgýýý' 1 cuKý' Fhe 1% level 
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It could be argued that the sign of the housing 
density variable (HD 
J, t) 
is incorrect. High 
dwelling densities are associated with a high 
incidence of flats where the ownership of electric 
central heating systems can be high relative to 
other fuels. This would lead to a positive housing 
density coefficient. The negative sign probably 
comprises two effects. First the previous trend 
towards flats and other shared buildings not all 
of which are suitable for heating by gas, which would 
lead to a positive term. Second a tendency for gas 
to displace other heating fuels when gas is available, 
which would lead to a negative term. A negative 
regression coefficient overall implies that the second 
effect is greater than the first effect; that the number 
of electrically heated homes lost to gas central 
heating is greater than electricity's share of the 
residual market in gas areas which remains unavail- 
able to gas because of building type. 
Evidence of only weak price effects restricted 
examination of regional elasticity differentials 
to the income variable. Coefficients of the ten 
slope dummy variable terms that proved significant 
indicate strong income led variations in electrical 
central heating ownership. Elasticities averaged 
over the whole sample period range from 2.9 in 
London to 1.0 in South Wales. - The distribution 
of estimates, which are shown in. Table 4.37, 
broadly complements the differential price and 
income elasticities estimated in the static and 
dynamic consumption models of the preceeding two 
sections for which it was suggested the degree of 
urbanisation and traditional associations with other 
fuels are largely responsible. 
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TABLE 4.37 
Average Permanent Income Elasticities 
of Numbers of Off-Peak Consumers 
Area Board Elasticity 
London 2.9 
South Eastern 1.4 
Southern 1.1 
South Western 1.0 
Eastern 2.9 
East Midlands 1.3 
Midlands 1.2 
South Wales 1.0 
Merseyside 1.1 
Yorkshire 1.2 
North Eastern 1.3 
North We. stern 1.2 
r' 
The two equations developed in this section to 
describe the numbers of domestic electricity 
consumers are given in summary form in the 
equations which follow. They are combined with 
the three dynamic consumption equations estimated 
in Section 4.5 to give two models of aggregate domestic 
electricity consumption; one model of total consumption 
and a second model dividing total sales into their 
unrestricted and restricted components. 
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Summary 
Total Consumption Model 
12 
Et =T Ný ACONý (4.33) 
j=1 
Ný = 0.4487 Pit - 82.293 NHHýt - 40.724 Dlt NHHit 
- 117.185 -D2 NHHit - 153.340 D3tNHHit - 
72.931 DStNHHit - 98.297 D6tNHHit - 31.396 D8tNHHit 
50.408 D9tNHH 
it - 
19.277 D10t NHH 
it - 
69.506 D11tNHH 
_ 
(4.34) 
it 
ý9 
s 
ACONýt = -473.13 AR + 21.667 Yet + 
t- 17.564 DMit + 
0.46071 ACONTt-1 - 100.10 AR 
T 
176.68 AR D9t - 111.37 ARS D10t + 4.1468 Yet Dlt + 
5.8262 Yet D2t + 14.0380 YitD3t + 6.5432 YitD4t + 
2.8250 Yet D6t + 3.590 YitD7t + 2.4203 YitD8t + 
3.108 Yet D9t + 67.32 AR T2 (4.35)' 
Unrestricted and Off-Peak Consumption Model 
12 12 
EtT=N it. 
UN 
ACON 
it +7 it 
NR A iCONt 
(4.36) 
j=1 j=1 
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N 
jt =+0.4487 
Pit - 82.293 NHHjt - 40.724D it NHH jt 
- 117.185D NHH - 153,340D NHH, t - 2t Jt - 
3t J 
72.931 D5tNHH it - 
98.297D6tNHH 
it - 
31.396D 
8t 
NHH 
it 
' 50.408 DNHH - 19.277D NHH "- 9t it 10t it 
69.506D11tNHHjt (4.37) 
A CON 
ýt 
=- 397.41 AR 
ý N+ 21.596 Y 
J, t 
+ 12.123 DMjt + 0.45260 ACONNI 
U 
+ 364.3 ARUN D+ 241.68 ARýtN D 2t 3t 
+ 344.6 AR 
it 
ND 
ot + 
47.85 AR. 
UN 
D 
?t i 
- 6.160 Yet D2t - 6.869 Yet Dot + 2.1709 Yet D6t 
+ 4.0560 Yet D8t - 2.5252 Y it 
D10t (4.38) 
" 
NR = 1.6306 ýP - 7.395 GM, t + 
0.06318 DS 
J jt 
- 0. 14616 HD t- J 
Z. 810 RP 
jt ,-0.56346 
Yjt D 
jt lt 
- 0. 444 6 Yp D2 - J 
0.6930 Yp D- 0.7650 YP D jt 3t jt 5t 
- '0. 5744 Yp Dbt - 1.3653 YP D7t - it 1.2746 YP D8t J 
- 0. 7005 Yp D - 1.0504 Y 
tD 
9t j 10t 
- 0. 4894 Yp Dllt (4.39) 
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A CONK =- 845.8 AR 
ß 
j't + 
14.951 Yjt 
+ 64.07 DM + 0.37522 ACONR 
jt -1 
+ 593.1 ARjt. Dlt - 611.5 ARRt D6t - 628.8 ARjRt' D9t 
+ 4.638 Yet D2t + 4.791 Yet D3t + B. 950 Yet D4t 
+ 15.246 Y jt 
D7t - 13.935 Yet D11t 
+ 698.5 ARR T2 
where, 
pjt 
NHH jt 
(4.40) 
= population of Area Board j. 
= number of people per household 
in Area Board j. 
ARt 
T, UN, R= 
average price of electricity in j. 
T= total sales per consumer. 
UN = unrestricted sales per consumer. 
R= off-peak sales per consumer 
(p/ 11Wh). 
Y 
Jt 
= real disposable household income (L) 
DM 
J, t 
= degree months in Area Board j. 
Y. = real disposable permanent household 
income (f) 
GMjt = miles of gas mains in Area Board j 
(thousands). 
DSjt = stocks of dwellings in j (thousands). 
HD. = 
Jt 
density of housing per square mile 
in J. 
RP 
t= relative price of electricity 
to gas 
in Area Board j. 
D. = regional dummy variable taking 
ýt the value 1 for a particular region. 
and 0 for all other regions. 
T= time dummy variable taking value 
1 for 1973/74 and 0 for all other 
years. 272 
4.8 A Simultaneous Equations Model of 
Total Electricity Consumption Per Household 
This last section of Chapter Four explores further 
the dynamic model developed for total electricity 
consumption per domestic consumer. A simultaneous 
equations model investigates the effects upon the 
demand estimates of relaxing the assumption that 
the price term appearing in the demand equation 
is an exogenous variable. 
The price variable cannot be considered endogenous 
in the conventional sense because domestic consumers 
face a constant marginal price for each unit of full 
rate and off-peak electricity which they consume. 
However each Area Board makes standing charges 
for the facility of electricity supply and so as 
consumption increases, the average price of all 
units consumed steadily decreases. If just one 
standing charge were levied for all consumption 
and one unit price charged, the variation of average 
price with consumption would resemble a simple 
hyperbola. Since total domestic sales incorporate 
off-peak supplies for which a separate standing 
charge is made and lower unit prices charged, the 
decline of average prices with increasing 
consumption follows a more complex scheme as 
illustrated in Diagram 4.9 
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DIAGRAM 4.9. 
Average) 
Price 
----Full-rate supplies (1) 
.. ýtotal demand (3) 
-Off-peak supplies (2) 
Consumption 
( 3) =W 1 
(1) + W2 (2) 
where, Wit W2 = respectively the proportions 
of unrestricted and off-peak 
supplies in total consumption 
Average price per kilowatt hour is therefore a 
non-linear function of the average total electricity 
consumption per household. In his U. S. study of 
residential electricity consumption, Taylor (15) 
argues that a complete treatment of prices should 
include all marginal prices in the demand equation. 
Section 4.5 has already questioned the wisdom of 
employing marginal prices in studies of domestic 
electricity demand and Taylor's results show that 
such a complete model specification fails 
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econometrically because of the high level of 
collinearity amongst independent variables. 
The extended treatment of price given in this 
section aims to preserve Taylor's basic concept 
of the way in which price should be specified 
(although using average rather than marginal 
prices) but in a condensed form to facilitate 
successful estimation. 
Examinations of the way in which consumers' 
average price is reached first require bold 
assumptions to be made of consumers' awareness 
of marginal prices. This study enquires no 
further along this traditional and questionable line 
of analysis but instead considers the component 
influences which go to make up households' overall 
average price response. Aspirations of the 
investigation, a better understanding of the price 
mechanism, are the same as those of Taylor and 
others who have pursued treatments of marginal 
prices, but the analytical framework is simpler 
because of the less restrictive assumptions which 
have been made about consumers' information. 
Diagram 4.10 illustrates the main components of 
households' average price response. 
275 
DIAGRAM 4.10 
Average 
Price 
Recorded 
Average 
Price 
tan o( AP dP _ý2) EC dC 
1 
ý dP 
1d 
AC 
i 
1 
1 
minimum 
consumption 
recorded 
consumption (3) 
oonsumpti0' 
per household' 
It is possible to describe households' average 
price from three separate factors; the average price 
which is paid for each unit at some minimal level of 
consumption (sufficient only for essential use of 
appliances), the rate of price discount obtained 
on consumption of further units and households' 
overall level of consumption, respectively affects 
(1), (2) and (3) in Diagram 4.10. 
Although the marginal prices of unrestricted and 
off-peak electricity supplies are constant, average 
price declines with increasing consumption. The 
diminishing effect of standing charges when spread 
over higher consumptions and the consumption of 
lower-priced off-peak units reduces the average 
price of all units as demand expands. This decline 
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in average price induces a reverse causality in 
the demand equation, even though marginal prices 
are constant, and warrants a separate represent- 
ation of average prices. For example if through 
an exogenous rise in income households' consumption 
of electricity rises slightly, average price will 
show a small decline. This in turn may induce a 
further rise in consumption and so on. 
To capture the indirect effects which price has 
upon demand, the price equation (4.41) is added 
to the dynamic total household consumption e ; uation, 
(4.27) specified in Section 4.6. Consumption and 
average price are endogenous to the model because 
of their joint determination. 
ACON = (bl 
A) AR + (b%)Y 
jt T jt 2T jt 
+ (b3 %Z, ) DMjt + (1 -X T 
)ACONT-1 
+ dummy variable terms 
ARýt = C1 BPS + C2 APDST + C3 A CON 
ýt 
(4.27) 
+ dummy variable terms (4.41) 
where, BPS = average price per kWh of an annual 
consumption of 750 kWh. 
APDSýt = average price discount obtained on 
consumptions in excess of 750 kWh 
per year (%). 
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Equation (4.41) describes average price in 
terms of the base price reflecting minimal 
consumption, the rate of discount of average 
prices at higher consumption levels and finally 
households' recorded level of demand. It is the 
second and third independent variables which 
describe the reverse causality present in the 
demand equation. 
Base average price is largely exogenous since it is 
compounded from a standing charge and unit price 
(both exogenous) and from a minimum level of 
consumption which is assumed autonomous. Average 
price discount on the other hand is endogenous to the 
model because of its dependence on average consumption 
as equation (4.42) illustrates. This requires a third 
equation to be introduced into the model to explain the 
slope of the average price curve. 
Since a full integration of equation (4.42) is not possible 
because of the finite disaggregation of data the equation 
has been simulated by the summation given in equation 
(4.43). A sample of the approximate discounts is shown 
in Table 4.38. Equation (4.44) describes the rate of 
price discount simplistically in terms of its main 
determinants and forms the second price equation 
of the simultaneous model. 
Equations (4.27), (4.41) and (4.44) make up the 
simultaneous model of total electricity consumption 
per household. 
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C=ACON 
APDS 
ýt 
= (AR. t 
(C) - BP t) 
dC (4.42) 
C=750 ACON T 
where, 
UN, Rk 
AR (C) _ ACOIN SC 
t+ 
ACON 
t UN 
t 
k ACONý ACON 
k 
SCE = standing charge made in region j 
for unrestricted (UN) and off-peak (R) 
supplie s 
UNýt = charges per kWh for unrestricted (UN) 
and off-peak (R) supplies. 
APDS 
ýt 
=7 (AR tT 
(C) - BPT) (C - 750) (4.43) 
C 
AC ONýt 
where C= 750,2500,5000,7500,10000 
( kWh/year), for which average price data 
are available in each region j 
APDS 
ýt 
= d1BP 
ýt 
+ d2 A CON 
ýt 
+ d3 AR 
ýt (4.44) 
+ dummy variable terms 
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TABLE 4.38 
Average Price Discounts 
Area Board 1972/73 Average 1978/79 
London 0.343 0.263 0.230 
South Eastern 0.351 0.261 0.212 
Southern 0.329 0.276 0.237 
South Western 0.423 0.330 0.273 
Eastern 0.365 0.282 0.231 
East Midlands 0.355 0.273 0.226 
Midlands 0.371 0.280 0.234 
South Wales 0.327 0.258 0.217 
Merseyside 0.366 0.282 0.226 
Yorkshire 0.366 0.277 0.225 
North Eastern 0.336 0.258 0.217 
North Western 0.328 0.250 0.211 
The data expresses the difference between the 
average price paid by domestic consumers and 
the price that would be paid for a minimum level 
of consumption (75OKWh/year) weighted according 
to the non-lineär way in which average price 
declines with consumption (Diagram 4.9). 
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Regression results for the average consumption, 
average price and price discount equations are 
given respectively in Tables 4.39,4.40 and 4.41. 
Each gives a satisfactory explanation of the sample 
observations with coefficient signs agreeing with a 
priori expectations at good levels of statistical 
significance. 
Surprisingly the 2SLS estimate of the demand 
equation shows some differences from the earlier 
dynamic estimation. Whilst the parameters of each 
independent variable show generally close agreement 
between equations, there is a marked difference 
in regional variations. Much of the distribution that 
was in the OLS estimation attributed to differing 
income elasticities, is in the 2SLS equation more 
strongly identified as a price effect. Remaining 
differential income effects, those in South and South 
East regions, show good agreement between equations. 
The slightly smaller income effect shown for 
Yorkshire in the OLS equation does not appear 
significant in the simultaneous model, possibly 
because of the slightly higher estimate for (1 - ), ) 
(indicating stronger habitual consumption) and 
because of cancellation with the region's 
differential price effect. Remaining price differentials 
show approximately the same distribution of sizes as 
the OLS income effects. 
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TABLE 4.39 
2SLS Estimation of Equation (4.27) 
Variable Coefficient St. Deviation t-Statistic 
T 
AR -472.66 81.36 
4- 
-5.81 
yjt 21.929 2.883 
41 
7.61 
DMit 14.545 1.903 
4 
7.64 
ACONý 
-1 
0.49798 0.04539 
+Iir 
10.97 
Yjt Dlt 3.8698 0.7068 5.47 
Yjt D2t 5.3254 0.7882 
OK 
6.76 
AR ýt D3t 550.61 56.03 9.83 
ARS D4t 268.39 36.49 7.35 
T 
AR jt 
D6t 134.03 29.77 
11 
4.50 
AR 
t D7t 64.00 25.83 2.48 
, 
AR 
ýt 
D8t 109.21 27.82 
41 
3.93 
T 
ARjt T2 1 148.09 21.29 6.97 
2 R=0.999 
1. T2 = time dummy variable referring to 1973/74 
qe est iM0. ýe iS siýhiFicatiý aý t-hc S%o Jeve[ 
ýt. "ýe6ýýmai-ý ýs sioýniýicunE' aý the Wo level 
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TABLE 4.40 
Average Price Equation 
Variable Coefficient St. Deviation t-Statistic 
BP 1.02455 0.01563 65.55 S 
APDS -3.68092 0.09292 -39.62 
ACONý -0.00008121 0.00001279 -6.35 t 
APDSý D 0.36542 0.07775 4.70 lt 
T 
APDS D 0.49913 0.08014 
f, 
6.23 
2t 
APDS 
ýt D4t 0.31992 0.6824 
4' 
4.69 
T D APDS 0.15026 0.06349 
41 
2.37 
5t 
APDS D6t 0.23301 0.06740 3.47 
D APDSý 0.24690 0.06157 4.01 8t t 
APDS Dilt 0.49313 0.07239 6.81 
R2 = 0.999 
\ veL 
ý-ý csý"make- ýs gigniýicant- aF- E-he. t'lo level 
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TABLE 4.41 
Average Price Discount Equation 
Variable Coefficient St. Deviation t-Statistic 
T 
3p; 0.10922 0.01466 7.45 
ACON 0.000031544 0.000003734 8.45 
T AR -0.06441 0.01903 -3.38 
T 4A 
A CON T -0.000012687 0.000001191 -10.66 
ACONý T -0.000027055 0.000001222 -22.14 4 
T 
A CON T -0.000027712 0.000001467 
*A 
-18.89 5 
T 0 000024881 0 000001802 
+'L 
13 81 ACONý . - . - . 6 
ACONý T -0.000024367 0.000001742 
0. 
-13.99 7 
R2 = 0.998 
TABLE 4.42 
Autocorrelation Models 
Equation 
Lagged 
Variable t-Statistic 
2 
R 
ACONý 0.0648 0.50 0.003 
AR 0.3087 2.26 0.080 
APDST. 0.4905 5.93 0.373 
4- týýLM0. 
ý cwrýý aý ý`ý ýýoJhý ýhý 5% levet. 
t CJýýf`(ýG11ýý. 
n ýS `e 1c 
1hýhlýQYýý 0. 
ý 
`ºýý. 
Wo ýCV'el 
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Improved estimation of the price mechanism 
is further suggested by the enlarged t-statistic 
for the 1973/74 substitution effect. The 2SLS 
equation indicates more than double the 14% OLS 
reduction in elasticity (to a 31.3% reduction) at more 
than double the earlier level of significance. This 
result is particularly encouraging since it suggests 
that treatment of price as an endogenous variable 
improves the model's approximation of causal 
relationships. 
Elasticities derived from the simultaneous demand 
equation are shown in Table 4.43. Income elasticities 
are similar to the OLS estimates given in Table 4.30 
but price elasticities are generally lower, suggesting 
more constrained price reaction in the short run and 
more inealstic behaviour over the long term. 
Reductions in price elasticities improve agreement 
with the estimates made by authors such as 
Houthakker (34), but adds further contrast to the 
responsive behaviour suggested by Murray (30) and 
others. 
Choice between the OLS and ZSLS demand equations 
on econometric grounds can only be arbitrary, as 
Table 4.42 shows. The simultaneous model did not 
produce evidence of autocorrelation and did not 
therefore alleviate bias suspected of the lagged 
independent variable in the OLS equation. The 
estimate of 
%\ is still open to some question and may 
be lower than the structural coefficient which appears 
in the partial adjustment equation (4.24). It is in 
any case preferable that choice between the two models 
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TABLE 4.43 
Short and Long-Run Elasticities From ZSLS Demand 
Equation 
Pri ce Inc ome Tempe e ratur Area Board 
short long short long short long 
run run run run run run 
London -0.26 -0.52 0.49 0.98 0.27 0.55 
South Eastern -0.20 -0.39 0.48 0.96 0.23 0.46 
Southern -0.17 -0.33 0.48 0.96 0.21 0.42 
South Western 0.02 0.04 0.30 0.60 0.19 0.38 
Eastern -0.07 -0.14 0.33 0.66 0.27 0.54 
East Midlands -0.24 -0.48 0.43 0.86 0.34 0.68 
Midlands -0.14 -0.28 0.37 0.74 0.28 0.56 
South Wales -0.23 -0.46 0.45 0.90 0.32 0.64 
Merseyside -0.19 -0.38 0.40 0.80 0.30 0.60 
Yorkshire -0.24 -0.48 0.42 0.84 0.36 0.72 
North Eastern -0.27 -0.54 0.45 0.90 0.38 0.76 
North Western -0.23 -0.46 0.40 0.80 0.32 0.64 
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should be made on economic grounds. In this regard 
the simultaneous demand equation has a clear 
advantage over the earlier OLS form since it 
establishes the dual influences of the price 
mechanism suggested in the simple example of an 
autonomous rise in income. 
The average price equation shows that the secondary 
effect which price has upon demand depends both 
upon consumers' level of consumption and on the 
shape of the average price schedule. Base average 
price carries a coefficient of unity and describes, 
through the average price equation, the direct impact 
which price has upon consumption, similar to that 
estimated in the OLS demand equation. The coefficients 
of average price discount and of average consumption 
show the second (and positive effects) which price has 
upon consumption. Returning to the example of an 
expansion in income, the second increment in consumption 
can now be shown to originate from the last two variables 
of the average price equation. The immediate effect of 
rising income is felt in the third independent variable 
and is later reflected in the second variable since 
consumption also appears as a determinant of average 
price discount. 
Although grossly over- simplifying the simultaneity 
of the system, the example nevertheless shows how 
the simultaneous equation model can describe the 
operation of the price mechanism, whereas the 
single equation model can only describe the final outcome. 
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Since price does consist of more than one component 
(standing charge and unit price) and since the relative 
contributions of each to the shape of the average price 
schedule have not been constant throughout the sample 
period (as Table 4.41 shows), it is important for a 
model with forecasting aspirations to identify the 
separate influence of each of the components. 
Separate standing charge and unit price data, 
together with the average split between full-rate and 
off-peak consumptions are unfortunately not available 
and so even the simultaneous equation model falls short 
of what is required for a fully satisfactory treatment of 
price response. However some progress has been made 
in a worthwhile direction. 
What were originally thought to be autonomous income 
elasticity differentials can now be interpreted as 
households' secondary responses to tariff structures of 
differing shapes. Each provides different stimuli to 
demand through differing relative sizes of fixed to 
variable charges. With a progression towards national 
tariffs (Economy 7 is the first national off-peak tariff), 
the size of these regional differentials may diminish in 
the future. If standing charges and unit prices were 
available separately, this trend could be followed with 
some accuracy. Within the existing simultaneous 
specification it is possible only to reflect awareness 
in forecasting applications by making piecemeal 
adjustments to coefficients. 
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Equations (4.45), (4.46) and (4.47) which follow 
summarise the simultaneous equations model. 
This model is considered to offer conceptually the 
most satisfactory description of aggregate domestic 
electricity demand. However it is not used in the 
demand forecasts made in Chapter Six because of 
its combined treatment of unrestricted and off-peak 
sales. Rather the model is used principally to 
compare gas and electricity elasticities through 
similarities of specification shared with the gas 
demand model developed in the next chapter. 
The next section concludes the study of residential 
electricity demand by drawing some general 
conclusions from the series of models constructed 
in the last two chapters. 
ACONýt = -472.66 ARS + 21.929 Yet + 
14.545 DMjt + 0.49798 ACONT it-1 
+ 3.8698 Di Yet + 5.3254 D2t Yet + 550.61 D3tART jt 
+ 268.39 D4t ARS + 134.03 D6t AR + 64.00 D? ARýt 
+ 109.21 D8 ARS + 148.09 T2 AR 
t (4.45) 
J 
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ART = 1.02455 BPT - 3.68092 APDST it it it 
- 0.00008121 ACONý + 0.36542D1t APDS 
+ 0.49913 D2t APDSýt + 0.31992 Dot APDSýt 
+ 0.15026 D5t APDSý + 0.23301 D6t APDS 
+ 0.24690 D8t APDSýt + 0.49313 D11tAPDSýt (4.46) 
APDSý = 0.10922 BPS + 0.000031544 ACON 
- 0.06441 AR - 0.000012687 TA CON 
- 0.000027055 T4ACON 
ýt 
- 0.000027712 T5 ACON ýt 
- 0.000024881 T6 ACONýt - 0.000024367 T7ACONýt (4.47) 
4.9 Summary 
The models developed in the last two chapters have 
demonstrated the need to. study domestic electricity 
demand at disaggregated levels. Although electricity 
as a fuel is homogeneous, the uses to which it is 
applied are not. Aggregating physically dissimilar 
demands for electrical power and space and water 
heating imputes a constancy of structure which is absent 
from the range of service demands. 
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Parameters from aggregated studies are useful for 
forecasts of total domestic demand (provided that 
the component service demands remain of the same 
relative sizes) but they say little of the way in which 
households use electricity. Highly disaggregated 
studies on the other hand do provide some of this 
insight, but their use for forecasting is impaired 
by the reliability and accuracy of available data. 
It is certain that this existing data constraint will 
be eased over time and that eventually the 'bottom-up' 
approach of aggregating total demand from each of 
the service components, will become the order of 
the day. For the present however there remains 
some measure of compromise in each study and of 
tailoring the method of analysis to suit objectives, 
whether of forecasting demand or of investigating 
structural elasticities. 
Both extremes have been explored in the selection 
of demand models which have been constructed in 
the last two chapters. The disaggregated model 
developed for separate end uses shows that the hypothesis 
of non-linear behaviour is well supported in the 
acquisition of major household durables. Even in space 
and water heating applications where there are practical 
alternatives to electricity the logistic growth curve, 
depicting an inertial trend in ownership, is firmly 
supported as an appropriate framework within which to 
examine the influences of prices and incomes. 
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Despite its apparent detail, the disaggregated study 
is only partially complete. The analysis has used 
logistic curves to represent consumers' non-linear 
behaviour but has not explained either their curves' 
appropriateness nor the factors which for each appliance 
make up the preferred saturation ownership level and 
the rate of progression towards it. These questions 
alone provide sufficient material for another sizeable 
analysis. 
Part of the study would be empirical and would relate 
saturation levels to characteristics of dwelling stocks 
and demographic factors. Other sides to the study 
could only be qualitative since sociological influences 
clearly provide a major input to describing the way 
in which households utilise the services provided by 
energy. Unfortunately much of the data required for 
such a detailed investigation is not yet available. This 
study has in any case stopped short of such a full 
treatment because of the author's limited understanding 
of sociology. 
Although sociological factors are equally relevant to 
aggregated demand studies the use of a partially 
recursive dynamic framework in which long run behaviour 
is principally reflected through the lagged dependent 
variable neatly circumvents the need for investigation 
at greater depth. Price, income and temperature 
variables describe incremental movements from one 
long run position to the next but with little direct 
explanation of relationships which may extend 
for more 
than a year and describe the evolution of households' 
association with energy consuming appliances. 
Indeed, 
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the logistic and partial adjustment models are 
closer in specification than may initially be suspected. 
In reduced form the lagged dependent variable of the 
conventional dynamic model implicitly approximates, 
albeit crudely, the logistic framework of the disaggregated 
model. It sets out, from one year to the next, the 
inertial trend of households' appliance ownership. 
The model of residential gas demand which is 
developed in the next chapter broadly follows the 
specification used for the aggregate dynamic studies 
of electricity demand. There are a number of 
differences in areas where data has permitted more 
detailed investigation than has been possible here, 
but overall similarity has been preserved to facilitate 
comparison of elasticities. 
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CHAPTER FIVE 
5.1 Introduction 
Growth in households' consumption of gas has been 
one of the most striking trends in domestic sector 
energy consumption throughout the last two decades. 
In 1960 gas supplied only 9.0% of total primary 
energy consumed in the domestic sector. By 1980 
this contribution had reached 53.5% with demand 
amounting to 8439 million therms 
l. 
A sustained 
growth in sales (which has averaged over 10% per 
annum during the last ten years) has been achieved 
through a combination of supply development and 
radical changes in the industry's internal structure 
and its marketing policy. 
Before I. C. I. successfully gasified oil in 1964, gas 
was constrained in its competitiveness through 
dependence upon coal as fuel for the carbonisation 
process. Indeed, between the financial years 1957/58 
and 1960/61, sales of gas to the domestic sector 
declined from 1326 million therms to 1291 million 
therms, apparently as a result of adverse movements 
in relative price. However demand strengthened 
to 1554 million therms by 1963/64 as imports of Algerian 
LNG exerted a moderating influence on price. The 
subsequent gasification of oil by I. C. I. , and the formidable 
1. Source: Digest of United Kingdom Energy Statistics 
1973, Table 10, Page 23; and 1981, Table 8, Page 27. 
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speed at which carbonisation plant was replacedl 
further reduced the supply industry's feed stock 
costs and enabled gas prices to fall in real terms 
Between 1963/ 64 and 1965/ 66 sales of gas to the 
domestic market increased 29%. 
i 
i i 
i 
c 
;` 
i 
Natural gas was first supplied to U. K. consumers 
during the financial year 1967/68. By 1970/71, 
gas from the North Sea was already contributing 
more than 10% of total supplies and the remarkable 
flexibility of the gas supply industry was again 
demonstrated over the following three years. By' 
1972/73 natural gas accounted for 73% of total gas 
supplies. The rapid build up of natural gas supplies 
resulted both from a contractual necessity for the 
supply industry to take a minimum quantity of gas 
far in excess of existing consumption and from the 
3 
low price 'paid to North Sea gas producers. Prices 
to all groups of consumers fell in nominal as well as 
real terms. 
Although natural gas was principally aimed at premium 
markets where its intrinsic cleanliness and convenience 
of use could command a high price, the high contract- 
ual obligations accepted by the gas industry and the low 
purchase price stimulated the sale of large quantities 
1. Oil gasification capacity increased more than ten- 
, fold between 1960/ 61 and 1965/66 from 16.7 million 
cubic feet (mcf) to 175.1 mcf. 
Source: British Gas Corporation Annual Reports. 
2. Current prices to domestic consumers stayed 
roughly constant for the three years 1963/ 64 to 1965/ 66 at 
ten pence per therm for credit customers and twelve 
pence per therm for prepayment customers. 
Source: British Gas Corporation Annual Reports. 
3. See C. Robinson Lloyds Bank Quarterly Review, 
July 1981 295 
of North Sea supplies into non-premium industrial 
markets. Between 1968/ 69 and 1972/73 the 
nominal price of gas to industrial consumers more 
than halved from 6.67 pence per therm to 2.96 pence 
per therm'. As a result, consumption by industry 
more than quadrupled from 976 million therms to 
4530.2 million therms. Consumption by the domestic 
sector increased from 3011 million therms to 4603 
million therms over the same period. 
The early promotional pricing of gas to industry has 
now turned full circle. During the twelve months to 
July 1981, industrial gas prices to some companies 
rose by over 50%. Many companies, with production 
geared to cheap supplies of natural gas, have found 
the readjustment to prices linked to some notion of 
resource cost painful. It would appear that for some 
companies cheap supplies of gas permitted a slackness 
to develop in the control of energy related production 
costs without jeopardising competitive positions. 
Sharp rises in fuel costs have consequently brought 
costs under considerable pressure. 
Apart from chemical processes in which gas is used 
as a feedstock and a number of special heating 
applications where gas's clean burning characteristics 
make it a preferred fuel, most premium sales of gas 
are made to the domestic market. It could be argued 
that the rapid infusion of gas into the domestic market 
has detrimentally affected the coal and electricity 
industries by eroding their spacing heating sales. 
1. Source: British Gas Council Annual Reports. 
296 
In particular, losses of off-peak electrical space 
heating load cause disporportionate increases in 
average electricity supply costs through an 
accompanying deterioration of the daily demand 
profile. Diagram 5.1 shows that increases in total 
heat supplied to the domestic sector between 1971 and 
1979 can be wholly attributed to increasing gas 
consumption. Roughly constant sales of electricity 
do not demonstrate the fall in space heating demand 
which is concealed by rising appliance consumption. 
Diagram 1.2 shows that on a useful heat basis the 
impact of rising gas consumption has been more 
pronounced than Diagram 5.1 suggests. Diagram 
5.2 shows gas and electricity prices over the last 
twenty years. 
Consumers' maximization of utiliiy subject to a 
budget constraint naturally results in substitution 
towards those commodities which are relatively 
cheaper than competing goods. Since the price 
of gas in the domestic market has until recently been 
falling in real terms, it could be argued that gas has 
enlarged the size of the domestic energy market and 
has conferred upon each domestic gas consumer a 
benefit equivalent to the extra cost of cooking and 
heating from the remaining fuel mix of electricity, 
oil and coal. The size of this subsidy is substantial. 
At current prices a year of cooking by gas will cost 
the average household approximately £20 whereas 
equivalent cooking by electricity will cost a further 
E30 
2. 
It is not difficult to infer that such large 
differences in running costs would considerably reduce 
central heating stocks if gas was not available. 
1. See for example Diagram 1.7 
2. Source: Electricity Council Domestic Sector 
Analysis (5). 
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Unlike electricity, the gas industry does not 
have a statutory obligation to supply all those 
households who require to consume gas. 
Rather supply is expanded only upon a commercial 
basis with investment in new distribution facilities 
required to show a satisfactory rate of return on 
capital. Table 5.1. reproduces part of the 
information from Table 1.5 on miles of gas mains 
together with population and household income estimates. 
From the table it can be seen that there have been and 
still are marked differences in the availability of gas, 
broadly in favour of the high income areas of the 
country. 
The high income areas of the country are also those 
most readily able to afford central heating. (Table 
5.2 shows central heating penetration by area). It 
could therefore be argued that high income regions 
of the country have benefited more from cheap supplies 
of natural gas than have regions of below average 
income. Table 5.3 gives average gas consumptions 
and incomes of some representative regions and shows 
a general correlation supporting this suggestion. 
Diagram 5.3 compares household gas consumptions in 
the North West and Wales, respectively the regions 
of highest and lowest household gas consumption. 
It is possible that prevailing patterns of domestic 
gas consumption may not be an optimal distribution 
of the economic rent from North Sea gas, but may 
instead have widened regional differentials' in living 
standards. If for example, gas had been continually 
priced in parity with other domestic fuels with the 
extra sales revenue being removed from British Gas 
by taxes, it is entirely possible that Government may 
have disposed of the tax revenue with a different 
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regional distribution from'that produced by the 
acceleration of central heating ownership in 
high income areas. Money could have instead been 
used to reduce living standard differentials by 
subsidising supply costs to communities-who from 
their own incomes could not generate sufficient, sales 
to warrant a gas supply. 
The analysis of this chapter is principally directed 
towards developing a forecasting model of domestic 
gas demand. Indirectly the analysis also addresses 
the distribution question by examining whether the 
ownership and utilisation of gas appliances varies 
significantly between different parts of the country. 
5.2 Model Specification 
The model to describe residential gas demand has 
been constructed from time series data from each 
of the Area Gas Boards ' Data has been pooled into 
one sample which spans the twelve gas supply regions 
over the financial years 1965/ 66 through to 1978/79. 
Data are given in Appendix Three. 
Although data relating to domestic gas demand, 
comparable to that for electricity which is contained 
in the Electricity Council's Domestic Sector Analysis 
(5), is collected by Audits of Great Britain Ltd. , 
British Gas will not make such data available. It is 
therefore not possible to construct finely disaggregated 
models of gas demand similar to the power and space 
and water heating studies of electricity demand in the 
previous two chapters. Analysis of domestic gas 
305 
demand is confined in scope to that which can be 
undertaken from data published in British Gas' 
Annual Reports. This proves a severe limitation. 
Unlike the electricity supply industry, British Gas 
has progressively reduced the amount of statistical 
data which is presented as a supplement to annual 
accounts. Curiously, the amount of information 
about the industry which is available to interested 
individuals has diminished as the industry has grown. 
Moreover repeated applications to the various 
intelligence departments of British Gas demonsrated 
an unwillingness to make available specific items of 
information which for previous years had been freely 
available in the Corporation's Annual Report. 
Restrictions of statistical information have influenced 
this study by necessitating a different model specification 
to be adopted from that which was originally intended. 
The study has been further affected by the omission of 
a relevant independent variable (advertising expenditure) 
from the demand equation because of the cessation of 
its publication by BGC in 1971/72. 
Table 5.4 shows the incomplete advertising series 
for each of the Area Boards. Advertising expenditure 
by the Gas Council, which relates to national promot- 
ional efforts (in magazines and on television for example), 
is still available. However this data does not indicate 
either the size or regional distribution of the local 
campaigns undertaken by Area Boards separately. A 
satisfactory treatment of advertising expenditure in 
the demand equation would require a knowledge of both 
these factors. Local campaigns are in any case 
collectively larger than the Gas Council's efforts. 
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The unavailability of this important data will continue 
to present an intractable problem to subsequent 
researches into domestic gas demand. The omission 
of advertising data is particularly disappointing in view 
of the acknowledged success of the 'High Speed Gas' 
promotional campaign which since its inception in the 
early 1960's has radically altered the public's view 
of the gas industry and has done much to strengthen 
domestic sales. 
Section 3.4 of Chapter 3 describes the impact of an 
omitted variable upon a regression equation. Generally 
the analysis shows that the simplification results in 
some bias being imparted to the coefficients of variables 
remaining in the model. However; advertising 
expenditure is a grossly imperfect measure of the 
effectiveness of advertising campaigns and there can 
be little guarantee of reducing bias through its 
inclusion in a demand equation as an expenditure term. 
Relating consumers' perception of an advertising 
campaign to the campaign's cost necessitates assumpt- 
ions of homogeneity in advertising that are difficult to 
defend. Making the further assumption that information 
imparted by the advertisement leads to some proportional 
increase in sales attributes to the expenditure variable 
a number of conditional probabilities that would be 
found unacceptable in most other independent variables. 
It could be argued that the diversity in methods of 
advertising and the further complications involved in 
making a translation to a demand stimulant largely 
defy the possibility of undertaking empirical work on 
the effects of advertising. None of the studies 
l 
1. An extended discussion of advertising is given in 
Robinson (55). 
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reviewed in Chapter Two attempted to analyse the 
impact of advertising. In an unpublished work, 
Savage (57) introduced advertising expenditure to 
a study of domestic gas demand through a 'stock of 
goodwill approach'. Unfortunately, though not 
surprisingly, results proved inconclusive. 
The model developed to describe domestic gas 
demand consists of three separate modules. 
These are illustrated in Diagram 5.4. Module 1 
describes the gas consuming characteristics of 
individual households. Module 2 describes sales 
of gas appliances per domestic gas consumer and the 
third module describes extensions in the supply of gas. 
Since gas has not always been available to all households 
in the same way that electricity has, part of 
growth in domestic gas demand may be attributed to gas's 
improved availability. The supply module attempts 
to describe this component of growth with two 
equations; one giving for each Area Board the miles 
of mains in use at the end of the year, and a second 
equation describing the intensity of domestic connections 
to the available supply. Both have shown noticeable 
increases over the sample period as the data in 
Appendix 3 illustrates. 
Total residential gas demand, Ct, is given as the 
dependent variable in the identity (5.1). 
12 
Ct =Z MMjt NCPMjt ACjt (5.1) 
j=1 
309 
Diagram 5.4 
Domestic Gas Demand Model 
Service Demand Module 
Average Consumption Per Consumer 
Average Price 
Average Price Discount 
Appliance Demand Module 
Warm Air Central Heating 
Wet Central Heating 
Independent Space Heaters 
Cookers 
Refrigerators 
Water Heater s 
Supply Module 
Miles of Gas Mains 
Consumers Per Mile of Main 
310 
where, Ct = total gas consumption of domestic 
sector during t. 
MMjt = miles of gas mains in use at the end 
of period t in Area Board j. 
NCPM. 
t = number of consumers per mile of 
gas main in Area Board j during t. 
ACjt = average consumption of gas per 
customer in Area Board j during t. 
The third variable in identity (5.1), average gas 
consumption per household, is the principal dependent 
variable of Module 1. Although specifications of the 
demand and price equations in Module 1 are broadly 
comparable to those of the simultaneous equations 
model of electricity demand (developed in Section 4.8 
of Chapter Four), a number of changes have been made 
in response to different availabilities of data. In 
particular, the gas demand model does not employ 
the partial adjustment mechanism given in equation 
(4.24) 
Chapter One argued that defence for simplification 
of a model to a single equation demand function first 
requires a disaggregated analysis to demonstrate 
similarity of structural parameters across differing 
end-uses. Data equivalent to that on the ownership of 
electrical appliances is not available for gas to provide 
this defence. Consequently a compromise approach 
has been adopted so as best to utilise data which is 
available on sales of gas appliances. This data is 
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given in Appendix III. 
Diagram 5.5 lists specifications for each of the four 
equations in the demand module. It shows, compared 
to the specification used for electricity, that lagged 
consumption has been removed from the demand 
equation (i) and replaced by a stock additions term. 
The demand equation is therefore static, showing much 
in common with the early aggregate models of 
electricity demand in Section 4.5 of Chapter Four. 
Dynamic behaviour is introduced to the gas model only 
through the principal appliance demand equations which 
appear in Module 2 (Diagram 5.6). Sales of gas-fired 
wet central heating systems have been related to past 
levels of gas consumption and the demand for warm air 
systems has in turn been related to sales of wet 
central heating systems. Table 5.5 shows sales of 
all six major appliances for the North Thames gas 
region. The demands for all appliances combine 
with weights equal to their average annual fuel requirements 
(given in Table 5.6) to give the stock additions term 
which appears in the demand equation. Construction 
of this term is illustrated in equation (5.2). 
as 
jt =7 
(Skjt Rk) (5.2) 
k 
where Skjt = sales of appliance k in region j per 
thousand customers. k= wet central 
heating, warm air central heating, space 
heaters, water heaters, cookers, 
refrigerators and laundry appliances. 
Rk = average annual consumption of gas per 
appliance k, (therms). The same 
estimate is used for all regions and for 
each year of the sample period. 
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Diagram 5.5 
Service Demand Module 
I 
(i) Average consumption per consumer 
=f Household income 
Average price 
Heating requirements 
Stock additions 
(ii) Average gas price 
=f 
fBase 
gas price 
Average price discount 
Average consumption 
(iii) Average price discount 
Base gas price 
Average consumption 
Average gas price 
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Diagram 5.6 
91 
Appliance Demand Module 
.2 
(i) Sales of warm air central heating systems 
=f Housing stocks 
Permanent income 
Sales of wet central heating systems 
Relative price of gas to electricity 
(ii) Sales of wet central heating systems 
=f Housing stocks 
Permanent income 
Average consumption t-l 
Relative price of gas to electricity 
(iii) Sales of space heaters 
=f Average gas consumption 
Permanent income 
Degree days 
Average gas price 
Average electricity price 
=f Average gas consumption 
Permanent income 
Average gas price 
(iv) Sales of cookers 
=f Household income 
Relative price of gas to electricity 
Combined central heating sales 
(v) Sales of refrigerators 
=f Relative price of gas to electricity 
Average consumption of electricity 
Permanent income 
Combined central heating sales 
(vi) Sales of water heaters 
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TABLE 5.6 
Average Annual Consumption of Various 
Gas Appliances 
Appliance 
Consumption 
(Therms) 
Central Heating: 
Boiler 770 
Back Boiler 510 
Warm Air 440 
Space Heaters: 
Main Room 200 
Other 80 
Water Heaters: 
Circulation 170 
Multiple Fbint/Bath 140 
Sink 40 
Cookers: 80 
Other: 20 
Source: Price Commission Report. 
British Gas Corporation - Gas Prices and 
Allied Charges. Page 54 (published July 1979). 
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Equation (5.3) gives a conventional expression 
describing gas demand as the product of appliance 
stocks and consumers' rates of utilisation. 
Unfortunately the equation requires a knowledge of 
appliance stocks and so is of little direct use for 
practical estimation. However the stock term can 
be rewritten as equation (5.4) where rk is the rate of 
depreciation of appliance k and as before A ,S kjt 
represents new and replacement sales of k in region 
j. Gas demand in equation (5.3) can then be written 
as equation (5.5) which closely resembles 
Balestra's (6) dynamic equation for U. S. residential 
gas demand, (5.6). 
ACjt =E STkjt Rkjt 
k 
(5.3) 
where AC .t= average consumption of gas per 
household in region j. 
STkjt = stocks of appliance k per household 
in region j. 
Rkit = utilisation rate of appliance k in 
region j. 
STkit = (1 - rk) STkit+1 AS kit 
(5.4) 
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ACjt = 
E. ((1-rk) STkjt 1 
4s 
kjt) R'kjt 
_ (1-rk) STkjt-1 R'kjt + rkjt Rkjt (5.5) 
Gt=(1-rg)Gt-1+Gt (5.6) 
where, Gt = total demand for gas 
G* = new demand for gas t 
r9 = depreciation reate in the 
gas market. 
Equation (5.5) can be simplified by assuming for the 
second term that Skjt Rkjt~ Skjt Rk 
(equation (5.2))-. This assumption will only hold to 
a first approximation. A side from annual variations 
in utilisation rates caused by price, income and weather, 
it is likely that the values for Rk given in Table 5.6 
will have changed over time in the same way that 
consumptions of electrical appliances have changedl. 
Moreover entries in Table S. 6 are just one set of 
estimates. Measurements by different researchers 
could lead to a different table of values. Nevertheless 
they are the only set of estimates known to be 
available and so the approximation is cautiously 
adopted. 
1. See Table 1.6. 
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The first component of equation (5.5) represents, 
in Balestra's terminology, 'fixed consumption', 
that is consumption arising from consumers 
existing stock of appliances. On an individual 
household basis equation (5.7) expresses this as an 
a linear combination of household's income, the 
average price of gas and numbers of degree months. 
Equation (5.8) substitutes equation (5.7) into 
equation (5.5). 
:} 
(1 - rk) STkjt-1 R'kjt-1 - Yý ARß DMY (5.7) 
k 
where, Yjt = average real disposable household 
income in region j during t. 
ARjt = real average price of gas in region j. 
DM. = number of degree months in region j. ýt (to a base of 15.5°C). 
ACýt = Y. AR's DMr+ Sit (5.8) 
Returning to equation (5.3) suggests that equation 
(5.8) can alternatively be written in the form of a 
production function. Both components of equation 
(5.8) are compounded from a utilisation rate and a 
stock measure (fixed stocks are included implicitly 
in the first component and new sales explicitly in 
the second component). In order for the alternative 
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representation to be valid it is first required 
that the function is linearly homogenous and that 
a+b=1, i. e. , that the function displays constant 
returns to scale. This latter requirement constrains 
the separate effects of the two stock components to 
be no greater than their combined effect. If for 
example the exponents a and b were combined without 
a cross constraint, there would be no guarantee 
that the equation would not exaggerate levels of 
consumers' appliance stocks. Equations (5.9) 
and (5.10) give the transformed and estimation forms 
of the demand equation. 
ACj. 
t = 
(Yý ARP DM! ) 'AS 
b (5-9) 
ACit =Y , 
ta ARi ýa DMA a&Sib (5.10) 
Since no distinction is made in sales data between 
new and replacement purchases, the first three 
variables of equation (5.10) which combine to 
make up consumers' utilisation of existing appliances 
(equation (5.7)), necessarily carry the interpretation 
that fixed stocks are net of depreciation. Likewise 
the effect which 
AS 
jt 
has upon household gas demand 
includes the influences of both new and replacement 
appliance sales. 
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Although the simulation of gas consumption offered by equation 
(5.10) is tenuous because of the composite nature of R J. t and 
d, Sjt, the separate emphasis upon utilisation in one component 
and stock in the second does facilitate some insight into the 
short and long run determinants of demand without having 
sufficient data to conduct rigorous separate. analyses. 
Balestra (6) has noted that it is only the new and replacement 
demands for appliance stocks which show long run behaviour. 
All else is essentially fixed with demand changing only through 
variations in consumers' rates of utilisation Since within the 
first component of equation (5.9) (which is equal to 
(z (1-rk) STkjt-1 Rkjt)) appliance stocks can be regarded as 
essentially fixed, elasticity estimates from the income, average 
price and degree month variables can be interpreted as short-run 
parameters. 'In contrast, the second component of demand in 
equation (5.10), (&SJ, t), uses average utilisation estimates 
to 
describe the effects of incremental load 
2. 
The average 
consumption estimates (Rk) are held constant throughout the 
sample period and so a significant part of the variation exhibited 
by the incremental load variable may be attributed to the 
inherently long-run effects which appliance stocks have upon 
3 
demand. 
Comparing the incremental load elasticity with the short-run 
price and income estimates from the first half of the demand's 
equation and with the value implied for a, permits some rudi- 
mentary inferences to be made about long run price and income 
elasticities. Unfortunately the method is necessarily indirect 
and therefore imprecise. 
However some degree of distinction 
is made between short and 
long run influences upon demand. 
1. See Chapter Two, Section Z. 3 
2. See Table 5.6 
3. See over. 
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3. Footnote from the previous page. 
Some of the variation of the incremental load 
variable will also arise from changes in consumers' 
rates of utilisation. However, since this part of the 
6S 
jt composite variable will 
be correlated to the 
changes of utilisation rate in the first demand 
component, the regression coefficient produced 
from the incremental load term will reflect only the 
stock element of the incremental load variable. 
Specifically, it can be shown that the regression 
coefficient produced from a variable depends only 
upon that part of the variable which is not correlated 
to other independent variables. Writing an 
independent variable Xk as a linear combination of 
remaining regressors and a disturbance term, 
equation (ii), it is then possible to employ the OLS 
assumptions of a stochastic, disturbance term to 
substitute into the normal equation (iii) for the variable 
Xk (giving equation (iv)). Collecting terms and 
re-arranging gives equation (vii) which shows that the 
regression coefficient bk depends only on v, the part 
of Xk which is independent of remaining regressors. 
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yb0 +b 1X lt +b 2X 2t +...... +b kx kt +.... 
bp Xpt + et (i) 
Xkt = C0 + c1 Xlt + c2 X2t +..... + ck-1 Xk-lt + 
ýk+1 Xk+lt ''. """""+cpX pt 
+ vt (ii) 
(Xkt Yt) = b0 ZXkt + bl L 
(Xkt Xlt) + b2 Z(Xkt X2t) +. . 
+ bp 2: (Xkt Xpt) (iii) 
Now, Xkt = Xkt + vt, 
2: vt =0ý 
Z(Xit 
vt) = 0' 
.^ 
and since Xkt is a linear combination of Xit then 
Z(Xkt 
vt) = 0. Therefore: 
A Z(Xkt Yt) + L(vt Yt) = b0 ýXkt + b1 (Xkt xlt) + 
+b 
p L(Xkt 
Xpt)+b k 
ývt (iv) 
So 'E(Xkt Yt) = b0 
7Xkt + bl7- (Xkt x1t) + .... 
+ bp (Xkt Xpt) (v) 
which gives F-(Y t 
Xkt) + (Ytvt) Z: (YtXkt + 
bk Lvt (vi) 
and bk t(Ytyt 
72 
°t 
(vii) 
323 
Section 4.8 of Chapter Four suggested for 
electricity demand that the treatment of average 
price as an exogenous variable is restrictive. 
Diagram 4.11 illustrates that average electricity 
price is a non-linear declining function of the 
level of electricity consumption. A similar 
argument can be pursued for domestic gas 
consumption. Even though domestic gas is not split 
between peak and off-peak supplies as are electricity 
supplies, the average price schedule is again more 
complex than the rectangular hyperbola that would be 
produced from a dimunition of standing charges over 
successively higher consumptions. 
Sales of gas to the domestic sector are made on 
declining block tariffs and so unlike domestic 
electricity demand, marginal price does fall with 
increasing demand. The curve of average gas price 
against consumption is compounded from declining 
standing charges per therm of gas consumed and from 
a reduction in unit price above an initial block of 
consumption. Further complications arise through a 
significant number of consumers taking supplies on 
a pre-payment basis during the early years of the 
sample period. The prices to these consumers were 
consistently higher than the prices paid by credit 
customers. Table 5.7 shows the number of credit 
and pre-payment customers between 1965/ 66 and 
1971/72 and the average prices paid by each. 
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TABLE 5.7 
Domestic Gas Consumers and Average Prices By 
Type of Supply* 
Numbers of Consumers 103 Average Pricel (pltherm Year Pre-payment Credit Pre-payment Credit 
1965/66 6666 5594 12.13 9.73 
1966/67 6393 6010 12.43 9.70 
1967/68 6110 6450 12.29 9.46 
1968/69 5810 6830 13.38 10.10 
1969/70 5501 7233 13.38 9.94 
1970171 5194 7568 13.34 9.88 
1971/72 4887 7913 14.91 10.26 
*Data not available after 1971/72 
1. Current prices 
Source: British Gas Annual Report 1971/72. Appendix Ma. 
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Treatment of price in the gas demand model 
is analogous to treatment in the simultaneous 
equations electricity model of Section 4.8 and does 
not extend beyond the use of average prices. 
Taylor's argument that all marginal prices should 
be separately specified in a demand equation has 
been shown to be impracticable by Kerry Smith (16). 
Such a detailed treatment of prices is also questionable 
on information grounds 
l. 
Analysis of gas prices 
therefore retains the use of average price. A 
similarity of approach in the electricity and gas 
models facilitates comparison of structural elasticities. 
Equations (5.12) and (5.13), which are similar to 
(4.31) and (4.44) of the previous chapter, complete 
the specification of the service demand module. 
The theory underlying this specification is discussed 
in Section 4.8 of Chapter Four. Equation (5.14) 
shows construction of the average price discount term. 
ARýt = c1 BPýt + c2 APDSýt + c3 ACjt (5.12) 
APDSjt = dl BPjt + d2 ARjt + d3 ACjt (5.13) 
where, ARjt = real average price of gas in 
region j (pence per therm) 
BP, = real average price of a minimal ýt level of consumption which is assumed 
autonomous2. (pence per therm). 
APDSjt= average price discount obtained on 
annual consumptions in excess of 
80 therms (%). 
AC, 
t = average gas consumption per household in region j (therms). 
1. See Chapter Two, Section 2. Z. 
2. This minimal level has been chosen as 80 therms. 
Table S. 6 shows that this is sufficient only to cook 
by gas throughout the year. 
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APDSjt =C (ARjt (C) - BP, t)(C-80) (5ý 14) 
AC 
jt 
where, C= 80,250,400,800 (therms/year) 
for which average price data are 
available in each region j. 
The six equations of the appliance demand module 
shown in Diagram 5.6 each describe sales of one 
major gas appliance. Laundry appliances have 
not been described separately because of their 
very low level of sales, but they are included in the 
stock additions variable used in the average gas 
consumption equation. Specifications vary between 
each appliance equation to reflect the different 
services which appliance provides, differences in 
their physical characteristics and differences in 
their cost. 
Equations for both wet and warm air central heating 
systems naturally employ a permanent real income 
variable but so too do the specifications for 
refrigerators and water heaters which are still 
expensive in relation to normal consumer purchases. 
This treatment is in keeping with the specifications of 
electrical appliance ownership equations in Chapters 
Three and Four. Only the equation for sales of gas 
cookers does not use permanent household income. 
Because of the essential nature of facilities to prepare 
hot food, the cooker sales equation instead uses current 
household income (in real terms). 
Unfortunately early estimations of the equation for space 
heaters repeatedly suggested permanent income and other 
income measures to be insignificant determinants of 
demand. This is not a result which would intuitively 
attract support, particularly since gas room heaters 
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are moderately expensive appliances. Nevertheless 
income was omitted from subsequent estimations and 
does not appear in the reported space heater sales 
equation. 
Sales of each of the six appliances considered are 
won in competition from other fuels. Cookers, 
refrigerators and water heaters have to face 
competition from electricity. Space heaters and 
wet and warm air central heating systems are to 
some extent also exposed to competition from coal 
and oil. In a simplified treatment of relative 
price the model takes the price of electricity as a 
proxy for the prices of all fuels competing with gast, 
For non-heating appliances this is satisfactory but 
for room heaters and central heating systems the 
simplification assumes that prices of coal and oil 
have followed the trend shown by electricity prices. 
This is defensible only to a first approximation as 
Diagram 1.8 suggests. Only the equation for space 
heaters was able to include gas and electricity 
prices separately. In remaining specifications, 
except for the water heater equation, high collinearity 
necessitated the use of a relative price term. The 
water heater equation rejected significance of both the 
electricity price and relative price variables. Only 
gas price remains in the final examination. 
Remaining variables in each specification attempt 
to identify factors specific to sales of each appliance. 
The equation for wet central heating sales includes 
housing stocks and consumption of gas in the previous 
year. 
1. Whilst coal and liquid fuels price data are available 
on a regional basis consumption data, which are 
required for weights, are not. 
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Lagged consumption gives some measure of the 
importance of gas as a provider of space heating 
in each region. Although central heating penetration 
will advance with rising household incomes and 
declining gas prices, the equation asserts through 
the lagged consumption term that sales of central 
heating systems in each region will vary according 
to households' existing association with gas. 
It can be argued that central heating penetration will 
initially advance more rapidly in areas which have 
high existing levels of gas consumption. However the 
process of appliance acquisition is inherently 
non-linear as Chapters Three and Four have 
suggested and the influence of the lagged consumption 
variable may eventually become negative as 
saturation ownership levels are approached. As 
ownership levels would tend to be higher in high gas 
consuming areas, sales of central heating systems 
may fall behind sales in lower consuming areas where 
ownership has further to progress. An extended 
analysis should account for this non-linear behaviour 
but prevailing restrictions on data remove the 
possibilities of such a detailed investigation. 
Sales of warm air central heating systems have been 
treated as competitive to conventional wet systems. 
For installations in existing property the competition 
is imperfect because of the extensive disturbance 
to building fabric required to retrofit warm air 
systems. Competition is more direct for new 
property where the lower capital costs of warm air 
systems win considerable favour in smaller homes. 
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The equation for gas room heaters does not 
include a central heating term. Although 
there may be some limited competition between 
point heaters and central heating systems 
(particularly in small properties), gas room heaters 
are also purchased to complement central heating 
systems and the resultant direction of influence is 
therefore unclear. Moreover since room heaters 
are less expensive than central heating systems and 
often form the focal point of a room, replacement 
sales are often made before the full engineering 
lifetime of the appliance has passed. 
Instead of central heating sales, the equation for 
room heaters uses average household gas consumption 
as an indicator of market size. The variable is 
given the same interpretation as in the wet central 
heating sales equation except that the lag in trans- 
mission of the consumption effect to sales has been 
removed because the appliances are considerably 
less expensive than central heating systems. Average 
gas consumption is also employed as an indication of 
market size in the equation for water heaters. The 
equation for refrigerators instead uses average 
electricity consumption per household to reflect sales 
potential since greater household electrification will 
ceteris paribus reduce the demand for gas refrigerators. 
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Only the equation for cookers does not associate 
sales with a consumption variable. The essential 
nature of services provided by cookers suggests 
that sales are limited to replacement installations 
1 
Opportunities for improvements in market share 
will therefore only arise from changes in the 
relative costs of running gas and electric cookers 
Part of the difference is reflected directly by the 
relative fuel price variable but part can also be 
associated with sales of gas central heating systems. 
Even if utilised only lightly a gas central heating 
system will consume considerably more gas than is 
charged for under the first step of the two-part 
domestic tariff3. Subsequent consumption is charged 
at lower rates, thus effectively lowering the cost of 
cooking by gas. Cooking by electricity in properties 
with gas-fired central heating is therefore an 
uneconomic proposition. Combined wet and warm air 
central heating sales are included in the cooker sales 
equation to represent both a direct encouragement to 
sales and also an association with high gas consuming 
4 
regions 
1. See Section 4.3 of Chapter Four. 
2. Sales will also respond to changes in the relative 
attractiveness of gas and electric cookers but this 
is difficult to assess empirically. 
3. See Table 5.6. 
4. Early regressions included both central heating sales 
and average consumption separately. Insignificant 
parameters suggested strong collinearity. Average 
consumption was therefore dropped and a combined 
interpretation given to the remaining sales variable. 
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Module 3, which is shown in Diagram S. 7. contains 
just two equations. The first equation attempts to 
trace development of the gas transmission and 
distribution grid through a specification of three 
factors which describe the revenue obtained from 
domestic consumers over a given length of main. 
Numbers of consumers per mile of main and the 
average consumption of gas per consumer together 
set out total domestic demand per unit length of gas main. 
The inclusion of average gas price translates this demand 
into revenue. British Gas does not have the same statutory 
obligation to supply domestic consumers as does the 
electricity industry and additions to the gas grid are 
only undertaken upon demonstrating the likelihood of 
showing an acceptable return upon investment. Increases 
in the three variables appearing in the miles of mains 
equation would each lead to an extension of the grid in 
region j. 
The second equation describes the intensity of connection 
to existing mains. Geographical differences between 
regions have a direct bearing upon the numbers of 
consumers per mile of main. Since the area of each 
region has not changed over the sample period, 
differences in area are reflected in a constant term and 
a series of intercept dummy variables. The term also 
represents the minimum number of consumers required 
to justify initial supply. Remaining variables in the 
equation describe both the relative price attractiveness 
of gas and relevant characteristics of each region's 
housing stock. Housing density is included to capture 
the influence which higher levels of urbanisation have upon 
the average number of connections per mile of main. 
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Diagram 5.7`; 
Supply Module 
a 
3 
(i) Miles of gas mains 
=f Average gas price 
Average consumption per consumer 
Number of consumers per mile 
(ii) Number of consumers per mile 
=f Constant 
Relative price of gas to electricity 
Housing density 
Housing completions 
... ,, 
., 
Tý- 
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Housing completions, as a fraction of each region's 
total housing stock are included to give a rudimentary 
indication of the age distribution of properties and also 
to provide a direct measure of those properties from 
where a large part of the growth in numbers of consumers 
originate. 
Modules 1,2 and 3, respectively Diagrams 5.5, 
5.6 and 5.7 'together form the proposed model 
for domestic gas demand. The model comprises eleven 
equations in eleven endogenous variables and is therefore 
mathematically complete. The next section describes 
estimation of the model. 
5.3 Model Estimation 
The eleven equations which comprise the domestic 
gas demand model have been estimated from a pooled 
sample of all twelve British Gas . Regions over-the 
fifteen financial years 1956/ 66 to 1979/ 80. Each 
regression has attached to its specification a series of 
regional and temporal dummy variable sets to permit the 
heterogeneous sample to be analysed by just one equation 
for each of the eleven relationships. 
Only one of the equations (that for the numbers of 
consumers per mile of main) contains a constant term 
and uses differential intercept dummy variables. 
Remaining equations all employ differential slope dummy 
variables. Structure of the generalised pooled model is 
discussed in Appendix II. Equations (5.15) and (5.16) 
overleaf show the estimated forms of the average 
consumption and sales of wet central heating systems 
as examples. 
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ACjt = b1Yjt + bZARjt + b3APDS, t 
+ b4DMjt 
i=12 i=12 i=12 
+I .CD it 
Y it +Z 
di 
, 
D, 
t 
ARi, 
t 
+fiD 
it 
APDS 
it i=1 
it 
i=1 i i_1 
i=12 i=14 i=14 
+giD 
it 
DM +hiTiY, t 
+giTi AR. 
i=1 it i=1 ý i=1 ýt 
i=14 i=14 
+ 
1-ý 
ki T. APDSjt + 
i' 
1i Ti DMjt 
l 
=I 
SWCH. 
t = 
bl HS. 
t + 
b2 YP + b3 RP. + b4 AC. 1 JJ jt Jt - 
(5.15) 
i=12 i=12 i=12 
+6i Dit HS it +L 
di Dit Yit + 
7, 
fi Dit RP 
i=1 i=1 i=1 
i=12 i=14 i=14 
+ 
i=1 
gi Dit ACit-1+ L hi 
i=1 
Ti HSjt + 
i=1 
ki Ti Yp 
3t 
i=14 i=14 
1i T. RP 
jt +2 mi 
Ti AC 
it-1 
i=1 i=1 
(5.16) 
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where, ACjt = average annual consumption of gas 
per household in region j. 
Yet = real disposable income per 
household. 
ARjt = real average price of., gas in 
region j. 
APDS. 
t = average 
discount from base price 
obtained on household's total 
consumption . of gas. 
DM 
.t= number of 
heating degree months 
in region j. 
SWCH. 
t = sales of wet central 
heating 
systems per 1000 gas consumers. 
HSjt = housing stocks in region j. 
YP = real disposable permanent 
income per household. 
RP .t= relative price of gas to 
electricity. in region j. 
pit = dummy variable taking value of 
1 for region i and 0 for all other 
regions. 
T. = dummy variable taking value of 11 for time period i and 0 for all 
other time periods. 
In addition to each appearing as the subject of an 
equation, a number of endogenous variables also assume 
descriptive roles in other equations of the model. These 
variables are therefore jointly determined and the ceteris 
paribus condition required for estimation by ordinary least 
," 
f".. 
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squares (OLS) cannot be upheld. Unless each equation 
is perfectly identified 
I, 
the application of ordinary 
least squares to a simultaneous equation model results 
in biased parameter estimates. Derivation of reliable 
coefficients requires a technique to be adopted which 
accommodates the reverse causality of those 
endogenous variables which also appear as regressors. 
For models which are over-identified, the appropriate 
estimation procedure to use is two stage least squares 
or alternatively limited information maximum likelihood 
methods (LIMLM). Comparison of equations in the 
gas demand model shows that each excludes more than 
ten out of the total of twenty variables included in the 
whole model. Each equation is therefore over-identified 
and the model has consequently been estimated using 
ZSLS. Data is shown in Appendix III. 
Results are presented in two parts to simplify 
assessment. Tables 5.8,5.9 and 5.10 present the 
base relationships of the equation (that is without any 
dummy variable terms) of Modules 1,2 and 3 
respectively for an economic appriasal of the model's 
performance. Regional and temporal differences are 
discussed only after the limitations evident in the price 
estimations have first been overcome. Figures in 
parenthesis in each table are t-statistics. Each table 
also shows an estimate of/0 produced from a first-order 
autoregressive scheme such as equation (3.52). Although 
a number of equations showed strong evidence of serial 
correlation of the error term, first difference transform- 
ations similar to equation (3.53) did not show any marked 
improvement in results. Equivalent tests for hetero- 
scedasticity produced similarly inconclusive results. 
1. Wallis (58) (page 56) states that in a model of G linear 
equations, for a particular equation to be identified it 
must exclude at least G-1 of the variables appearing in 
the model. An over-identified equation excludes more 
than G-1 variables. 337 
GLOSSARY OF TERMS 
11 
Yet = Real disposable income per household (£). 
ARjt = Average price of gas (pence/ therm, 
constant 1975 prices). 
DM 
J. t = 
Heating degree months (to a base of 15.50C). 
D 
J. t 
= Stock additions term (see equation (5.2)). 
AC 
t= 
Average consumption of gas per domestic 
J consumer (therms). 
BP 
,t= 
Base average price of gas (pence/therm, 
constant 1975 prices). 
APDSjt = Average price discount No, see equation 
(5.14)). 
HSjt = Stocks of dwellings in region j (thousands). 
YP = Real disposable permanent income per 
household (£). 
WCHSjt = Sales of wet central heating systems per 
thousand customers. 
RP 
J, t 
= Relative price of gas to electricity. 
CMCHS. 
t = 
Combined sales of warm air and wet central 
J heating systems per thousand customers. 
AEjt = Average price of electricity (pence/therm, 
constant 1975 prices). 
AECjt = Average consumption of electricity per 
household (kWh). 
NCPMjt = Number of consumers per mile of gas main. 
HCjt = Housing completions in region j. 
HD 
,t= 
Housing density in region j. 
C= Constant. 
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IF 
Note from Table 5.9. 
1. Sales of wet central heating systems have shown 
considerable variation from one year to the next as 
the table below illustrates. 
Direct Sales Of Wet Central 
Heating (Thousands) 
Year Northern 
North 
Eastern 
Eastern South 
Eastern 
1965/66 1.4 2.6 4.2 0.5 
1966/ 67 2.6 3.2 3.0 o. 6 
1967/ 68 2.7 3.6 3.9 0.2 
1968/ 69 3.2 4.0 4.1 0.1 
1969/70 5.5 3.9 4.7 0.0 
1970/71 10.6 4.6 5.9 0.0 
1971/72 11.0 7.7 6.9 10.3 
1972/73 11.7 11.9 11.9 12.2 
1973/74 9.3 11.0 11.3 I Z. 4 
1974/75 6.1 7.6 11.0 12.2 
1975/76 4.2 6. o 9.1 13.5 
1976/77 4.2 6.6 7.5 17.1 
1977/78 5.4 7.1 10.7 21«1 
1978/79 4.4 9.1 11.8 21.3 
1979/80 2.7 6.5 11.2 20.3 
Source: British Gas Annual Reports 
Since the marked changes in trend which occurred after 
1970/71 cannot be associated with changes in trend of 
prices or incomes, the effects have been attributed to 
advertising. The dummy variable used in the wet 
central heating- sales equation takes the value 1 when a 
sharp increase in sales occurred. Although the impact 
of advertising will normally be spread across the whole 
demand equation, and over a number of years, the dummy 
variable treats advertising response as a differential price 
effect which operates in one year only. Data for the dummy 
variable is shown in Appendix III. 
2. The equation for sales of warm air central heating 
systems also employed the same dummy variable used to 
capture advertising effects in the wet systems equation. 
Reaction to the variable in the warm equation was more 
pronounced than in the wet systems equation. Three 
differential slope terms together with a differential intercept 
term proved significant. These terms are listed in the 
summary of equatigns given in Section S. 4. 
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Each of the eleven equations given in 
Tables 5.8,5.9 and 5.10 has been estimated 
linearly in logarithms so coefficients given in 
the tables are also elasticities. The three 
equations given in Table 5.8 are comparable 
to the simultaneous equations electricity model 
of Section 4.8 in Chapter Four. Price and 
income elasticities produced from that model 
are shown in Table 4.32. Comparing the 
short run electricity elasticities produced from 
the gas model (Table S. 11), suggests that gas 
demand is considerably more responsive to 
prices and incomes than is electricity demand. 
The table shows that gas demand is elastic 
with respect to income and of unitary elasticity 
with respect to price. 
Only a small amount of regional variation in income 
elasticities is indicated through significant differential 
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TABLE 5.11 
Short and Long Run Price and Income Elasticities 
Of Gas Demand 
Region 
Price Income 
Sh. Run L. Run Sh. Run L. Run 
Scotland -1.007 -1.437 1.268 1.809 
North -1.007 -1.437 1.247 1.779 
North West -1.007 -1.437 1.268 1.809 
North East -1.007 -1.437 1.268 1.809 
East Midlands -1.007 -1.437 1.268 1.809 
West Midlands -1.007 -1.395 1.268 1.756 
Wales -1.007 -1.399 1.268 1.761 
East -1.007 -1.437 1.231 1.756 
North Thames -1.007 -1.379 1.243 1.703 
South East -0.977 -0.798 1.233 1.682 
South -1.007 -1.437 1.268 1.809 
South West -1.007 -1.399 1.247 1.732 
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intercept terms. High income areas such as 
North Thames, and South Eastern gas regions 
show marginally lower income elasticities than 
other regions suggesting higher levels of habitual 
consumption or a greater regard for gas as a 
necessity'. Even this weak distribution is not 
reflected by the short run price elasticities and only 
the South East region shdws an elasticity different 
from the base relationship. Together the short 
run price and income elasticities offer only weak and 
inconclusive support for the initial hypothesis that the 
benefits of natural gas available to domestic consumers 
have been distributed unequally throughout the country. 
However some support can be drawn from the long run 
elasticities. 
Equations (5.9) and (5.10) show that elasticities 
produced directly from the gas consumption equation are 
composite terms comprising a structural coefficient 
(oý, 
ýß or 
r) and a variable (a) which constrains the 
joint effects of the fixed and new components of demand. 
With the constraint variable included the demand 
elasticities require a short run interpretation. When 
the value of a is removed from . 
the reduced form 
estimates of a long run interpretation can be applied 
because the variables are then unconstrained and may 
relate to a time period in excess of one year. 
The elasticity for heating degree months suggests a 
short run adjustment to changes iri temperature of 0.6. 
Dividing this by the value implied for a of 0.7 gives 
an implied long run temperature elasticity of 0.9. 
1. Although only marginal, the differences in elasticities 
are nevertheless significant since the differential 
intercept term to which they relate showed a statistically 
significant difference from the base relationship. 
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This is rather closer to the proportionate degree 
day response to be expected on a priori grounds. 
Performing similar divisions for the short run 
price and income elasticities produces the long 
run estimates shown in Table 5.11-. Slight regional 
differences in estimated values for b give further 
support to the weak discrimination evidence provided 
by the short run income elasticities by widening 
differentials between long run income elasticities. 
Support extends to long run price elasticities which also 
show a distribution sympathetic to the hypothesis of more 
established consumption patterns in southern regions. 
Results from both price equations (shown in Table 5.8) 
partly conflict with a priori reasoning. Whilst the 
coefficients of base price, average price and average 
price discount are acceptable, the coefficients of 
average consumption carry signs which conflict with 
expectations. The price equations suggest that 
average price increases and price discount decreases 
with rising gas consumption. Variables in the two 
equations are all produced at acceptable levels of 
significance and neither equation appears unduly troubled 
by multicollinearity. A plausible explanation for the 
perverse signs is that the cross-sectional element of 
both price relationships has been dominant throughout 
the sample period and that there is a tendency for tariff 
structures to be higher in high gas consuming areas. 
This seems unlikely and simple inspection of the data 
does not support this conjecture. 
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Diagram -5.8-' 
Service Demand Module With Amended 
Price Specification 
New Service Demand Module 
(i) Average consumption per consumer. 
=f Household income 
Average price 
Heating requirements 
Stock additions 
(ii) Average price 
=f Constant 
Base price 
Average price discount 
Marginal price 
(iii) Average price discount 
=f Average consumption 
Base price 
Marginal price 
(iv) Marginal price 
=f Constant 
Base price 
Average price discount 
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Remaining parts of the two price equations are broadly 
acceptable suggesting that the initial specification 
developed around a direct reverse causality between 
consumption and price, similar to that employed in the 
electricity model, may not be appropriate for gas demand. 
A modified specification was therefore used to investigate 
the alternative hypothesis that feedback from price to 
consumption is indirect and comes only from the latter's 
contribution to average price discount. That is, the 
alternative specification asserts that it is price discount 
which encourages further consumption rather than 
average price itself. The direct two way link between 
consumption and price is broken and consumption now 
appears only as a determinant of price discount. 
Diagram 5.8 shows the modified service demand module. 
Consumption has been replaced in the average revenue 
equation by a constant and a marginal price term giving 
the average price of consumption levels rather higher 
than those observedl. The equation therefore asserts 
that average price is determined by price at'very low 
levels of consumption, price discount received through 
consumptions in excess of this minimal block and by 
the average price of marginal consumptions. Together 
the constant and marginal price variable approximate 
the level and variation of the average consumption variable 
included in the original specification. The new equation 
is therefore not seen as a significant departure from the 
earlier form but rather as a framework permitting 
clearer identification of the structural price relationships. 
1. Highest observed average consumption levels were 
just over 600, therms for 1978/79. Marginal prices used 
for 1978/ 79 reflect the average price of consumptions of 
800 therms. 
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Since marginal price depends upon the amount of 
price discount obtained from the base price, the 
variable is endogenous to the model and forms the 
subject of a fourth equation in the demand module. 
Marginal price also replaces average price in the 
discount equation since the latter is no longer treated 
as a structural variable but rather as the result of a 
series of structural relationships. 
Differences in the treatments of gas and electricity 
prices may help reflect the different modes of operation 
of each price mechanism. Gas prices have been declining 
in real terms over most of the sample period with strong 
growth in demand whilst real electricity prices have 
increased significantly with consequent reductions in 
electrical space heating demand 
1. 
Introducing the 
price of marginal consiimptions for an expanding demand 
whilst restraining consideration to average price for a 
contracting demand, may more appropriately reflect the 
opposing expectations of gas and electricity consumers 
than does a single uniform structure. Estimation 
results of the three price equations are given in Table 
5.12. The addition of an extra variable and equation 
still leave the model over-identified and regressions 
have again been undertaken using ZSLS. 
Results from estimation of the three equations are 
more encouraging than those of their predecessors. 
Although explanatory powers of the average price and 
average price discount equations have both dropped 
slightly, all variables now carry the correct sign and 
neither equation suffers from significant autocorrelation. 
1. See Diagrams 1.7 and 1.8 
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The marginal price equation shows a good fit to data 
with highly significant coefficients for the base price 
and average price discount variables. Base price 
shows a unitary relationship with marginal price as 
might be expected and the inelastic discount coefficient 
reflects the less than proportionate dimunition of 
marginal price with increasing consumption resulting 
from the hyperbolic form of the average price schedule . 
The high statistical significance of both regressors 
is drawn from the good fit of all regions to the common 
relationship. No regional intercept or slope dummy 
variables proved significant. 
This was not the case for the average revenue and 
price discount equations where significant regional 
variations were observed. Full results are presented 
later in the chapter. In both equations regional 
variations were most strongly reflected by the marginal 
price variable. Table 5.13 shows that marginal price 
elasticities are lower in magnitude in those regions with 
relatively low gas consumption. Differences broadly 
follow the distribution of price and income elasticity 
differences suggested in the gas consumption equation, 
(shown in Table 5.11). Although differences are again 
only marginal, comparison with Table S. 11 shows that both 
the average price and price discount equations imply 
that marginal price is a more important determinant of 
average price response in high income regions of the 
country. 
In total therefore the demand module does find tentative 
support for the hypothesis of an uneven distribution 
in that part of the benefits from natural gas which 
have been transmitted to domestic consumers through 
low prices. Indications from the gas consumption 
equation and from two of the three price equations show 
small, but nevertheless significant, differences in 
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TABLE S. 13 
Marginal Price Elasticities 
Re on gi 
Average 
price 
Equation 
Average 
price discount 
Equation 
1978/79 Gas 
Consumption 
Per Consumer 
(therms) 
Scotland 0.391 -1.921 468.4 
North 0.383 -1.884 561.3 
North West 0.383 -1.865 609.0 
North East 0.377 -1.857 560.8 
East Midlands 0.380 -1.866 581.3 
West Midlands 0.391 -1.921 58% 9 
Wales 0.382 -1.890 490: 0 
East 0.391 -1.921 575.1 
North Thames 0.391 -1.921 506.5 
South East 0.391 -1.971 . 541.1 South 0.391 -1.971 549.0 
South West 0.391 -1.921 473.5 
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elasticities between regions which can be 
associated with different gas consumptions 
and different incomes. These differences offer 
some support to the hypothesis that areas of the 
country with above average incomes may have 
benefited more from supplies of natural gas than 
have regions with slightly lower incomes. 
Since each of the equations comprising the gas 
demand model has been estimated linearly in 
logarithms, the imposed mathematical form yields 
curves each of constant elasticity. Comparisons 
of elasticities in Table 5.13 can be made independently 
of the size or level of variables and it is from this 
facility that support for the initial hypothesis is 
drawn. The differences in elasticities suggest a 
maturing of consumers' preferences with gas in high 
income areas losing some of its preferred status. 
But it must be admitted that the omission of advertising 
could also conceivably produce the same distribution 
of differentials . 
if, for example, high income areas 
continually received higher advertising expenditures 
than areas with slightly lower incomes. Table 5.5, 
which shows advertising expenditures in the early 
years of the sample period lends some support to 
this conjecture. It is not therefore possible to 
confirm or refute the initial hypothesis and the absence 
of more recent advertising data denies the possibility 
of more detailed investigation. 
Elasticities estimated in each of the price equations 
in Table 5.12 show fairly close agreement with the 
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earlier estimations in cases where the specification 
has remained unaltered. The broad similarity in 
base price, price discount and average consumption 
elasticities confirm that only relatively minor 
structural changes have been made to the original 
price specification. 
Average revenue is shown to be inelastic with 
respect to all three independent variables. Average 
price discount on the other hand responds elastically 
to changes in both marginal and average prices. Only 
average consumption exerts an inelastic influence. The 
elastic response of base and marginal prices reflects 
construction of the average price discount equation. 
Equation (5.14) shows that price discount is a weighted 
average difference term. If base or marginal price 
increases by 1%, the whole of that increase is trans- 
mitted to the discount term and the resulting increment 
is bound to be larger than 1%. 
All three of the price equations show significant 
time dummy variables. These follow a common 
pattern and together reflect evolution towards national 
tariff structures. Whereas at the beginning of the 
sample period base prices, average prices and 
marginal prices were different for each region, by 
1978/79 the distribution had narrowed considerably 
as data in Appendix III shows. The full forms 'of 
each of the price equations, together with the demand 
equation, are given in Section 5.4. 
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Deficiencies in data, particularly the absence 
of advertising information, remain much in evidence in 
the appliance demand module (see Table S. 9). Only the 
two equations describing sales of warm air central 
heating systems and refrigerators showed close fits to 
observations. Remaining estimations showed rather 
poorer performances. A number of variables also assumed 
signs conflicting with a priori expectations. 
Sales of wet central heating systems are estimated to 
decline as housing stocks increase and to rise with 
increasing gas prices. Neither proposal attracts intuitive. 
support. To some extent the analysis is redeemed by the 
price dummy variable coefficient which implies a net price 
elasticity of -0.109 during suggested periods of heavy 
advertising. Coupled with its relatively high level of 
statistical significance this dummy variable provides some 
insight into the relatively poor performance of the central 
heating equation through 
, 
demonstrating the importance of 
advertising upon sales. The unitary autocorrelation 
coefficient further confirms that some relevant variable 
is absent from the specification. 
The equation for refrigerator sales suggests through its 
negative income elasticity that gas fired models are 
inferior goods and yet inconsistently contends that sales 
increase with rising electricity consumption. Conversely 
gas water heaters are shown to be normal goods through 
their positive income elasticity even though sales decline 
with increasing gas consumption. The two results are 
again contradictory. 
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Even the warm air central heating equation 
shows elasticities which, although of the right 
sign, are questionably large. Only the cooker 
equation perhaps qualifies for retention in the 
model. Its highly significant regression coefficients 
suggest that something approaching an adequate 
estimation has been made of underlying price and 
income effects. The relatively low autocorrelation 
coefficient also allows this interpretation. Coincidentally, 
cookers are the most established of gas appliances. 
Sales are largely confined to replacement demand though 
with a small element of new demand through increased 
housing stocks'. Virtual saturation of ownership may 
have attenuated the sales impact of advertising somewhat 
and facilitated estimation of less questionable results. 
However, explanatory power remains low and indicates 
that the existing specification is incomplete. 
On balance overall performances of the six appliance 
equations which comprise Module 2 are unsatisfactory. 
With just a few exceptions the equations have produced 
unreliable coefficients, some evidently containing 
serious bias. Despite economic specifications thought 
to be satisfactory given available data, inadequate stock 
information has compounded the problems caused by 
omitting advertising effects through constraining 
analysis to relatively volatile stock changes. No further 
use is made of the six appliance equations and Module 
2 has consequently been dropped from the gas demand 
and supply model. 
1. Reflected by the central heating variable. 
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In the forecasting exercises undertaken in 
Chapter Six, the stock additions term which 
appears in the average consumption equation 
is treated as though exogenous although the 
model estimation has correctly recognised its 
endogeneity. 
The most serious consequence of dropping 
Module 2 is that the model loses its explicit 
recognition of dynamic behaviour. This is a 
fundamental, if unavoidable, simplification. 
It limits the model's analysis to comparative 
statics even though implicit recognition of 
only partial equilibrium is retained in the consumption 
equation of Module 1 through the separation of short 
and long run consumption characteristics. It is 
hoped that the remaining model can prove to be a 
useful descriptive tool in what is a most difficult 
area for empirical work. 
Estimation results from the supply module are 
shown without dummy variables in Table 5.10 
and disaggregated by regions in Tables 5.18 and 
5.19. The results are generally more encouraging 
than the appliance demand equations. 
Both regressions in Table 5.10 show a good fit 
to past data, high statistical resolution of coefficients 
and signs which do not contravene a priori expect- 
ations. Much of the improvement over the ill-fated 
appliance module may be attributed to the reduced 
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effect which advertising can be expected to have 
upon supply relationships. The omitted variable 
may have little relevance to the miles of gas mains 
installed in each region and a less direct impact 
on households' decisions to consume gas than on 
decisions to purchase specific appliances. 
Strong positive autocorrelation in the first equation 
reflects the grossly simplified specification employed. 
Three variables cannot hope to model comprehensively 
British Gas' distribution investment decisions. 
Suggested elasticities cannot be interpreted as 
structural parameters but rather as statistical 
indicators of an immensely complex process. 
The absence of any accompanying autocorrelation in 
the number of consumers per mile equation is 
surprising. The specification carries the same 
simplicity as the miles of mains equation and defence 
for the seemingly satisfactory result cannot be drawn 
from causality. Rather it can only be suggested that 
the simulation of distribution facilities in this second 
equation is statistically closer to observations than 
is the simplified modelling of miles of mains. Part 
of the improved reliability of this second equation 
may be related to the larger number of dummy 
variable terms which proved significant and were 
able to be included in the final model (Table 5.18). 
Each variable in the miles of mains equation shows 
an inelastic association wi th the dependent variable. 
Consumers' average gas consumption appears 
particularly significant and serves to emphasise 
the commercial foundations upon which the gas 
distribution network has been developed. 
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Two additional points further illustrate this. 
Firstly, as Table 5.18 shows, the average 
consumption and average revenue variables in the 
miles of mains equation show no regional differences 
suggesting, in terms of load per consumer and average 
price, no preference by BGC for consumers in different 
geographical locations. Rather regional differences in 
gas distribution appear to be solely related to the 
numbers of consumers per mile of main installed. 
Comparative sizes of the coefficients are sympathetic 
to regional differences in income, population, density and 
the degree of urbanisation, though the interaction of all 
three effects prevents the drawing of any more than 
general support. 
A second indication of the commercial foundations of 
supply is shown through the temporal dummy variables, 
all of which relate to price. The series of coefficients 
for each of the years 1968/ 69 through to 1978/ 79 
broadly show that the price elasticity of domestic gas 
supply increased fairly steadily during the five years 
after 1974. A similar trend is observed for the four 
years after 1968. That the intervening slack period 
coincides approximately with the first round of oil price 
rises and the progression of a shock wave through 
domestic (and most other) energy markets, suggests 
a sharpening of commercial awareness. 
Table 5. I. 9 shows the consumer density equation. For 
each region the constant term represents the minimum 
number of consuming households per mile of main 
required to warrant an initial supply. All three ex- 
planatory variables again show inealstic associations 
with the dependent variable. The high relative price 
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elasticity is surprising in view of the long run 
nature of the decision to consume gas, but it 
nevertheless reflects the sizeable price advantages 
which gas has had over alternative fuels throughout 
the sample periodHousing density and housing 
completions each show more constrained influences 
upon supply, though with some noticeable variation 
in the case of housing completions. 
Elasticities from both variables do not reflect their 
total effect, much of which will have been absorbed in 
justifying an initial supply. Rather the elasticities 
show the incremental effects which changes in the 
housing stock have upon the number of gas consumers 
in each region. In every region except Scotland housing 
completions are causing the average consumer density 
to decline, not through a decline in the number of 
domestic consumers, but through extensions of the gas 
grid to areas of lower housing density. The positive 
coefficients of the housing density variable confirm that 
with the number of housing completions held constant, 
supply behaviour across regions does not conflict with 
a priori reasoning. 
Regional variations of the constant terms and relative 
price elasticities in the consumer density equation are 
again plausibly interpreted as giving support to the 
hypothesis of an unequal distribution of that part of the 
benefits of natural gas which has been passed on to 
domestic consumers though, as before, it is not possible 
to provide direct evidence. Price elasticities 
are broadly higher in high income areas showing at least 
1. See Diagram 1.7. 
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part of the reason for greater connections and 
therefore higher gas consumptions in the relatively 
well off parts of the country. Temporal price 
elasticities show a gradual relaxing of response over 
time as the density of consumers per mile of main 
increases, that is as connection saturates. 
Overall, the distribution of these supply price 
elasticities shows reasonable agreement with price 
and income demand elasticities (Table 5.11) which 
show some slight decline with increasing income. 
Although matching of the supply and demand elasticity 
distributions is not particularly close, the inverse 
association is nevertheless consistent and complementary 
to the same initial hypothesis. Some further reinforcement 
is added by the constant terms, variations in which show 
a similar though marginal pattern indicating less 
difficulty in securing a gas supply in regions with 
relatively high levels of consumption per consumer. 
Time intercept dummy variables show a similar trend 
against rising annual household gas consumptions. 
Analogies between regions in the consumer density 
equation are partly obscured in the same way as in 
the miles of mains equation because of the influence 
of additional relationships which have not been 
explicitly specified. Of these, geography, the degree 
of urbanisation and the physical characteristics of each 
region's dwelling stock (apart from its size) seem of 
special relevance. 
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The equations developed here are a useful first 
attempt at modelling domestic gas supply but 
clearly much extra work, and indeed much extra 
information, needs to be applied to the problem 
before wholly satisfactory results can be derived. 
In the absence of this information, specifically 
advertising expenditures and appliance stock levels, 
the analysis of domestic gas demand can reasonably 
progress no further (within the model framework 
adopted here) than the equation of Modules 1 and 3. 
These six equations are given in Tables 5.8,5.10 
and 5.12. Their full forms are shown in Tables 
5.14to5.19. 
S. 4 Summary 
Equations (5.17) to (5.22) which follow list fully all 
six relationships derived in the previous section. 
Together the six equations comprise the simultaneous 
equations model of domestic gas, demand. Figures given 
in parenthesis are t-statistics. 'All equations have been 
estimated using the generalised pooled model of Appendix 
II and 2SLS. Where insufficient processing space was 
available in the computer, regressions have been 
undertaken by introducing dummy variables in several 
stages with an incremental F test between each set of 
2 
additions, All variables are in logarithms. 
1. Only the demand equation is used from this table. -. 
for example, 
2. See . for example, Koutsoyiannis 
(51). 
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Tables which follow the equations show the 
elasticities of each equation separately for the 
twelve regional Gas Boards. Temporal variations 
in parameters are given as notes at the foot of each 
table. A glossary of terms used in the equations and 
tables is given below. 
GLOSSARY 
ACjt = Average consumption of gas per domestic 
consumer (therms). 
Sit = Additions to appliance stocks per household. 
See equation (5.2). 
Yet = Real disposable income per household (£). 
ARit = Average price of gas (pence/therm, constant 
at 1975 prices). 
BPjt = Base average price of gas (pence/therm, 
constant 1975 prices). 
APDSjt = Average price discount (%, see equation 
(5.14). 
MPjt = Marginal average price of gas (pence/therm, 
constant 1975 prices). 
HS 
, j. 
t = 
Stocks of dwellings in region j (thousands). 
yP = Real disposable permanent income per 
Jt household (£). 
RP. 
t = 
Relative price of gas to electricity. 
ý 
NC PM. 
t = 
Number of consumers per mile of gas main. 
ý 
HC 
, j. 
t = 
Housing completions in region j. 
HD, 
t = 
Housing density in region j. 
ý 
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MMjt = Miles of gas mains in region j. 
T. = Time dummy variable having value 
11 for t=i and 0 for all other periods. 
Djt = Regional dummy variable having value 
1 for region j and 0 for all other regions. 
D= Advertising dummy variable (see notes 1 
and 2 Table 5.9. Data given in Appendix III). 
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MODULE 1 
AC jt = 0.299Ä Sit + 1.268 Yet - 1.007 ARjt + 0.562 DMjt 
(5.20) (11.27) (-22.20) (4.45) 
-0.021D it 
y 
jt - 
0.037D 
7t 
y 
jt - 
0.025D 
8t 
Y 
it - 
0.035D 
9t 
y 
jt 
(-2.09) (3.66) (1.65) (2.21) 
-0.021 Dlit jt - 
0.021 D5t h Sit - 0.019 D6tA S J't 
(1.53) (-1.88) (-1.67) 
- 0.029D 8t 
ASit - 0.032D 9t 
&s 
jt - 0.019D lit 
iti SJ 
't 
(-1.42) (-1.63) (1-. 38) 
+ 0.430 D10C Rjt 
(1.91) 
AR .t=1.021 + 
0.410 BP 
,. t - 
0.205APDS. 
t 
(12.78) (27.05) 
, 
+ 0.391 MPjt - 0.047 T3 - 0.085 T9 - 0.082 T11 
(2.82) (-1.57) (3.61) (-3.15) 
- 0.138 T12 - 0.009 T4MPjt - 0.013T 6 MP jt 
(-4.36) (-1.50) (-1.56) 
+ 0.028D 5t + 
0.039D 6t + 0.032D7t + 0.036D lit 
(1.76) (2.54) (2.12) (2.41) 
- 0.008D1tMPjt - 0.008D 2t MPjt - 0.014D3tMP jt 
(-1.51) (-1.57) (-2.52 
(5.17) 
- 0.011D 4t 
MP 
jt - 
0.009D 
6t MP jt 
(5.18) 
(2.03) (-1.79) 
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MPjt = 0.505 + 1.080 BPjt - 0.412APDSjt 
(3.47) (38.27) (-14.87) 
- 0.102 T12 + 0.019 T5BPjt + 0.029 T12BPjt 
(-2.08) (1.53) (1.64) 
APDSjt = 2.261 BPjt - 1.921 MP it 
+ 0.190 A Cat 
(9.93) (-9.37) (4.95) 
- 0.049 T10BPjt - 0.075 T12BPjt + 0.038 T12ACjt 
(-1.36) (-1.75) (1.78) 
+ 0.084 T8MPjt + 0.037D it 
MP 
jt + 
0.056D 
2t 
MP 
jt 
(2.43) (2.02) (3.05) 
(5.19) 
+ 0.064D 3t 
mpjt + 0.055 D4tMPjt + 0.032D 6t MP jt 
(5.20) 
(3.35) (2.86) (1.74) 
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MODULE 3 
MMjt = 0.212ACjt + 0.163 NC PMjt + 0.109ARjt 
(40.26) (16.32) (15.18) 
+ 0.005 T2ARjt + 0.010 T3ARjt + 0.014T 4 
AR 
jt 
(1.88) (3.16) (4.18) 
+ 0.016T 5 ARjt + "0.008 
T6ARjt + 0.009 T7AR jt 
(4.41) (1.92) (2.06) 
+ 0.008 T8ARit + 0.014 T9ARit + 0.015 T10ARjt 
(1.65) (2.73) (2.97) 
+ 0.018 T11ARjt + 0.022 T 12ARjt + 
0.092 D2tNCPMjt 
(3.24) (3.52) (29.06) 
- 0.0 11 D3tNCPMjt + 0.053D 4t 
NCPM jt + 
0.015 D5tNCPMjt 
(-5.09) (17.97) (4.71) 
- 0.101 D6tNCPMjt - 0.024D 7t 
NCPM 
jt + 
0.016D 
8 tNCPM jt 
(-47.38) (10.17) (3.13) 
+ 0.052D 9t 
NCPM 
jt - 0.045D lot 
NCPMjt 
(14.94) (-21.27) 
0.036 D11tNCPMj t 
(-15.06) (5.21) 
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NCPMjt = 3.491 + 0.194 HCjt + 0.169 HDjt 
(52.50) (8.08) (18.08) 
- 0.540 RPjt - 0.117T 5-0.118T 6-0.200 T7 
(-28.80) (-2.35) (-2.35) (2.36) 
- 0.200 T8 - 0.295 T9 - 0.305 T10 - 0.337 T11 
(-3.91) (. -5.85) (-6.03) (-6.66) 
- 0.374 T12+ 0.141 T1RPit + 0.170 T2RPjt 
(=7.30) (2.58) (3.06) 
+ 0.166 T RP, + 0.173 T RP. - 0.019T RP. 3 
, fit 
4 
, fit 
5 ýt 
(3.00) (3.16) (-2.18) 
- 0.019 T RP. it - 
0.019 T RP. - 0.032 T RP, 6 ýt 7 it 8 it 
(-2.11) (-2.06) (-3.56) 
- 0.049 T9RPjt - 0.051 T10RP jt - 
0.056 T11RP 
J't 
(-5.47) (-5.64) (-6.26) 
- 0.062T12RPjt - 0.119Dlt' - 0.121D2t - 0.129D 3t 
(-6.85) (-3.75) (-3.82) (-3.51) 
- 0.112D 4t - 
0.125D 
5t - 0.099D 6t - 0.095D 7t 
(3.29) " (-4.00) (-3.14) (-1.97) 
- 0.096D 8t - 0.120 D9t - 0.177D lot - 
0.102D 
lit 
(-2.47) (-3.84) (-4.04) (-3.24) 
- 0.401D it 
HC jt - 0.500 D2tHCjt - 0.921D 3t 
HC 
jt 
(-4.87) (-6.29) (-5.86) 
- 0.307D4tHCjt - 0.320D5tHCjt - 0.314D6tHC jt 
(-5.30) (-4.41) (-3.92) 
- 0.225 D7tHCjt - 0.880 D8tHCjt - 0.205D 9t 
HC 
jt 
(-4.14) (-3.89) (3.14) 
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- 0.480 D10tHC jt - 0.616D lit 
HC 
jt-0.081 D1tR'Pjt 
(-6.11) (-8.34) (-2.91) 
+ 0.105D Zt 
RP jt 
(-3.84) 
- 0.109D 5t RP jt 
(-4.13) 
- 0.134D9tRPjt 
(-4.91) 
- 0.073 DlitRPjt 
(-2.28) 
+ 0.127D 3t 
RP jt - 0.130 D4tRpjt 
(3.70) (-5.32) 
- 0.061 D6tRPjt 
(-2.00) 
- 0.221 D7tRPjt 
(-5.78) 
- 0.115D10tRPjt 
(-3.74) 
(5.22) 
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TABLE 5.14; 
Average Consumption Equation By BGC Region 
Region 
Variables 
jt 
Y. 
t 
AR 
it 
DM 
jt 
Scotland 0.299 1.268 -1.007 0.562 
North 0.299 1.247 -1.007 0.562 
North West 0.299 1.268 -1.007 0.562 
North East 0.299 1.268 -1.007 0.562 
East Midlands 0.299 1.268 -1.007 0.562 
West Midlands 0.278 1.268 -1.007 0.562 
Wales 0.280 1.268 -l. 007 0.562 
East 0.299 1.231 -1.007 0.562 
North Thames 0.270 1.243 -1.007 0.562 
South East 0.267 1.233 -0.577 0.562 
South 0.299 1.268 -1.007 0.562 
South West 0.280 1.247 -1.007 0.562 
Temporal Variation: none 
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TABLE 5.1 5 
Average Price Equation By BGC Region 
Variables 
Region C BPjt APDSjt MPjt 
Scotland 1.021 0.410 -0.205 0.391 
North 1.021 0.410 -0.205 0.383 
North West 1.021 0.410 -0.205 0.383 
North East 1.021 0.410 -0.205 0.377 
East Midlands 1.021 0.410 -0.205 0.380 
West Midlands 1.049 0.410 -0.205 0.391 
Wales 1.060 0.410 -0.205 0.382 
East 1.053 0.410 -0.205 0.391 
North Thames 1.021 0.410 -0.205 0.391 
South East 1.021 0.410 -0.205 0.391 
South 1.057 0.410 -0.205 0.391 
South West 1.021 0.410 -0.205 0.391 
Temporal Variation: 
Variable Effect 
C All reduced by 0.047 for 1974/75 
C All reduced by 0.085 for 1975/76 
C All reduced by 0.082 for 1977/78 
C All reduced by 0.138 for 1978/79 
MP All reduced by 0.009 for 1969/70 
MP All reduced by 0.013 for 1971/72 
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TABLE 5.16 
Marginal Price Equation By BGC Region 
i R Variable s on eg C BP APDS. it t 
Scotland 0.505 1.080 -0.412 
North 0.505 1.080 -0.412 
North West 0.505 1.080 -0.412 
North East 0.505 1.080 -0.412 
East Midlands 0.505 1.080 -0.412 
West Midlands 0.505 1.080 -0.412 
Wales 0.505 1.080 -0.412 
East 0.505 1.080 -0.412 
North Thames 0.505 1.080 -0.412 
South East 0.505 1.080 -0.413 
South 0.505 1.080 -0.413 
South West 0.505 1.080 -0.413 
Temporal Variation: 
Variable Effect 
C. All reduced by 0.102 for 1978/79 
BP All increased by 0.019 for 1970/71 
BP All increased by 0.029 for 1978/ 79 
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TABLE 5.17 
Average Price Discount Equation By 
BGC Region 
. 
Variables 
Region BP MP AC 
it it it 
Scotland 2.261 -1.921 0.190 
North 2.261 -1.884 0.190 
North West 2.261 -1.865 0.190 
North East 2.261 -1.857 0.190 
East Midlands 2.261 -1.866 0.190 
West Midlands 2.261 -1.889 0.190 
Wales 2.261 -1.921 0.190 
East 2.261 -1.921 0.190 
North Thames 2.261 -1.921 0.190 
South East 2.261 -1.921 0.190 
South 2.261 -1.921 0.190 
South West 2.261 -1.921 0.190 
Temporal Variation: 
Variable Effect 
BP All reduced by 0.049 for 1976/77 
BP All reduced by 0.075 for 1978/79 
AC All increased by 0.038 for 1978/79 
MP All increased by 0.084 for 1973/74 
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TABLE 5.18 
Miles of Mains Equation By BGC Region 
Variables 
Region AC NCPMit AR"t 
Scotland 0.212 0.163 0.109 
North 0.212 0.163 0.109 
North West 0.212 0.255 0.109 
North East 0.212 0.152 0.109 
East Midlands " 0.212 0.216 0.109 
West Midlands 0.212 0.178 0.109 
Wales 0.212 0.062 0.109 
East 0.212 0.139 0.109 
North Thames 0.212 0.179 0.109 
South East 0.212 0.215 0.109 
South 0.212 0.118 0.109 
South West 0.212 0.127 0.109 
Temporal Variation: 
Variable Effect 
AR All increased by 0.005 for 1968/ 69 
AR All increased by 0.010 for 1969/70 
AR All increased by 0.014 for 1970/71 
AR All increased by 0.016 for 1971/72 
AR All increased by 0.008 for 1972/73 
AR All increased by 0.009 for 1973/74 
AR All increased by 0.008 for 1974/75 
AR All increased by 0.014 for 1975/76 
AR All increased by 0.015 for 1976/77 
AR All increased by*0.018 for 1977/78 
AR All increased by 0.022 for 1978/79 374 
TABLE 5.19 
Number of Consumers Per Mile Equation By- BGC Region 
Variable s 
Region C HC HD RP jt jt it 
Scotland 3.491 0.194 0.169 -0.540 
North 3.372 -0.207 0.169 -0.621 
North West 3.370 -0.306 0.169 -0.435 
North East 3.362 -0.727 0.169 -0.413 
East Midlands 3.379 -0.113 0.169 -0.670 
West Midlands 3.366 -0.126 0.169 -0.649 
Wales 3.392 -0.120 0.169 -0.601 
East 3.396 -0.031 0.169 -0.761 
North Thames 3.395 -0.686 0.169 -0.540 
South East 3.371 -0.011 0.169 -0.674 
South 3.364 -0.286 0.169 -0.655 
South West 3.389 -0.422 0.169 -0.613 
Temporal Variation: 
Variable Effect 
C All reduced by 0.117 for 1971/72 
C All reduced by 0.118 for 1972/73 
C All reduced by 0.200 for 1973/74 
C All reduced by 0.200 for 1974/75 
C All reduced by 0.295 for 1975/76 
C All reduced by 0.305 for 1976/77 
C All reduced by 0.337 for 1977/78 
C All reduced by 0.374 for 1978/79 
RP . 
All increased by 0.141 for 1967/ 68 
RP All increased by 0.170 for 1968/ 69 
RP All increased by 0.166 for. 1969/70 
RP All increased by 0.173 for 1970/71 
RP All reduced by 0.019 for 1971/72 
RP All reduced by 0.019 for 1972/73 
RP All reduced by 0.019 for 1973/74 
RP All reduced by 0.032 for 1974/75 
RP All reduced by 0.049 for 1975/76 
RP All reduced by 0.051 for 1976/77 
RP All reduced by 0.056 for 1977/78 
RP All reduced by 0.062 for 1978/79 
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CHAPTER SIX 
6.1 Introduction 
This chapter attempts to assess the usefulness of the 
electricity and gas models constructed in previous chapters. 
Only a limited amount of forecasting is undertaken. 
Successful forecasting, or rather enlightened forecasting, 
is itself a major area of research even when starting with 
a 'completed' model. The untrustworthy reputation which 
econometric forecasting has acquired over the years has 
resulted in part from the over zealous application of 
models both within and often beyond their designed scope. 
Forecasting from econometric models requires both a 
detailed economic and mathematical knowledge of the 
model, and more imnortantly a thorough understanding 
of the market to be forecast. Too many studies have 
floundered in their forecasts through mechanical applications 
of the model outside its forecast period. Rather, it is a 
flexible approach that is required. Economic and physical 
changes in the real world will frequently depart from 
estimated relationships and it is the responsibility of the 
researcher to adapt the model to incorporate the new 
information available. This work extends beyond the 
original scope of this investigation. 
Attention is instead confined to examining the performance 
of the electricity and gas models against more up-to-date 
information than was available for estimation. Tentative 
projections are then made for the three years to 1985, though 
with mostly unmodified model structures and in full awareness 
of the limitations that this is likely to entail. More importance 
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has been attached to assessment of the models against 
the more recent data. It is hoped that this might show 
areas of emerging weakness in the models which would 
require attention in more formal forecasting applications. 
This paragraph is'divided into five sections. Section 6.2 
reviews models that have been constructed and for the 
electricity and gas models sets out their reduced forms 
for validation and forecasting. Section 6.3 makes 
comparisons of predictions from each model with more 
recent data than was available at the time of estimation 
and Section 6.4 presents forecasts to 1985. The final 
section summarises the models' performances and makes 
suggestions for further work. 
6.2 Models Constructed and Reduced Forms 
Although this thesis has been concerned with the residential 
demands for electricity and gas, relatively more attention 
has been given to electricity because of the better availability 
of suitable data. 
The empirical work of the thesis commenced with a 
disaggregated study of electricity demand in which separate 
end uses were considered. Then, the study went on to 
develop aggregated models for electricity demand. Static 
frameworks were shown to be restrictive and a fully 
satisfactory model required both a dynamic treatment 
of demand and the influence which price has upon demand 
to be considered in detail. These requirements are 
incorporated into the model for total residential consumption 
at the end of 
Chapter Four. 
377 
Residential gas demand has not been studied so 
exhaustively. No disaggregated study has been 
undertaken because end-use data are not available, 
and even aggregated statistics are inferior to those 
available for electricity. Consequently, the study of 
gas demand has attempted only to construct an aggregated 
model for total residential demand. The model in 
Chapter Five draws heavily upon the structure 
developed for electricity but has had only limited 
success in satisfactorily explaining observations. 
Validation exercises and forecasts are undertaken in 
this chapter using all three of the models; the disaggregated 
model for electricity and the aggregated models for 
electricity and for gas. The two sets of forecasts for 
electricity enable some comparisons to be made between 
the two types of models. Forecasts from the gas model 
are included just to give a broad indication of emerging 
trends in residential gas demand. 
Since in the disaggregated electricity model all variables 
are treated as though exogenous, no adjustments are needed 
to the model before the validation exercises can be undertaken 
or the forecasts produced. The model as used in this 
chapter is therefore the same as that given by equations 
(3.54) to (3.66). (3.68), (3.81), (3.83) and (3.86) and 
Table 3.24 in Chapter Three and equations (4.11) to 
(4.20) and Tables 4.18,4.19 and 4.20 in Chapter Four. 
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For the aggregated electricity and gas models however, 
some changes are necessary before validation and 
forecasting can be undertaken. Both models contain 
endogenous variables which appear both on the 
left and right hand sides of equations. The presence 
of this two-way causality makes solving the model for 
values of the endogenous variables difficult in their 
present, structural forms. Solution of the models is 
usually facilitated if both models are first expressed in 
their reduced forms, but as Section 6.3 shows there are 
particular difficulties associated with the gas model. The 
reduced forms representation expresses each of the endo- 
genous variables in terms of all of the exogenous variables. 
Both reduced forms would still contain all the differential 
intercept and slope dummy variable terms estimated in 
the structural forms of each model. However, the 
interpretation of these terms and of the main variable 
coefficient terms changes in the reduced model form. 
By solving the structural models for each of the endogenous 
variables, coefficients in the new set of equations -reflect 
both the direct and indirect effects that a change 
in one of the explanatory variables has upon the dependent 
variable. In the structural model forms coefficients 
reflect only the direct effects of explanatory variables. 
To facilitate the validation exercises and forecasting 
both the aggregated electricity model and the aggregated 
gas model have 
been condensed. into a single national 
model for electricity and a national model for gas. This 
has been achieved for each model by weighting the regional 
equations together according to the relative size of either 
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electricity or gas consumption per household 
during the last year of the sample period. The 
reduced forms of the condensed models are shown in 
equations (6.1) to (6.4) for electricity and equations 
(6.5) to (6.10) for gas. 
Since when estimated each of the models was over- 
identified it must be noted that the reduced forms of 
the models are not unique; over-identification implies 
that there is more than one solution to the reduced form 
model. Hence the reduced form coefficients are themselves 
not unique. Alternative solutions would produce different 
sets of coefficients. For the simple validation exercises 
and forecasts prepared in this chapter the over-identification 
will not matter unduly. However in more serious applications 
it could prove troublesome. In particular, forecasts from the 
different reduced forms would only be the same provided that 
independent variables showed only the same relative variation 
as exhibited during the sample period. Moreover, the 
reduced form elasticities would in any case be different. 
Reduced Form Of Electricity Model 
Condensed To A National Basis 
A CONt = 24.908 Yt + 15.968 DMt + 0.547 A CONt-1 
333.140 BPt (6.1) 
ARt = -0.0061 0 Yt - 0.00391 DMt - 0.000134ACONt-1 + 
0.916 BPt (6.2) 
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APDSt = 0.00118 Yt + 0.000755DMt + 0.0000258ACONt_1 + 
0.0395 BPt (6.3) 
Nt = 0.449 Pt - 136.558 NHHt (6.4) 
where, ACONt = average electricity consumption per 
household per annum (kWh) 
Yt = real average disposable income per 
household (£ per week, constant 1975 
prices) 
DMt = degree months (to a base temperature 
of 15.5 0 C) 
BPt 
ARt = 
APDSt = 
Nt = 
NHHt = 
average price paid for consumption 
of 750 kWh per annum (pence per kWh, 
constant 1975 prices). 
average price of electricity to domestic 
consumers (pence per kWh. 1975 prices) 
average price discount (% difference between 
average price and base price weighted by 
consumption level - see equation (4.43). 
population of England and Wales (thousands) 
average number of people per household. 
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Reduced Form Of Gas Model 
Condensed To A National Basis 
(All variables in logarithms) 
ACt = -3.121 + 0.387, ASt + 1.684 Yt + 0.753 DMt - 
0.937 BPt (6.5) 
ARt = 3.098 - 0.0975 ASt - 0.424 Yt - 0.190DMt + 
0.930 BPt (6.6) 
APDSt = -5.625 + 0.267 QSt + 1.164 Yt + 0.520 DMt - 
0.252 BPt (6.7) 
MPt = 2.721 - 0.110 
QSt 
- 0.480 Yt - 0.215 DMt + 
1.212 BPt (6.8) 
MMt = 0.286 + LSt (0.0948 + 0.122) + 
PEt 
yt0.302 - 0.0529 )+ DM t(0.135 - 
0.0238) - t PEt PEt 
BP (0.077 - 0.116) - 0.081 HC t-0.0304HD - 
0.386 (6.9) 
t P'Et t PEt 
where ACt = average household consumption of gas 
per annum (therms) 
4S 
t= additions 
to stocks variable. 
yt = real disposable household income 
(£ per week, constant 1975 prices) 
DM = degree months (to a base temperature t 
of 15.5 
°G). 
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BPt = base price for consumption of 80 therms 
per annum (pence per therm, constant 
1975 prices). 
ARt = average domestic price of gas (pence per therm. 
1975 prices). 
APDSt = average price discount term (similar construction 
as for the electricity model). 
MP = average price of marginal gas- consumption (pence t 
per therm, 1975 prices) 
PEt = average price of domestic electricity 
(pence per therm, 1975 prices). 
MMt = 'miles of gas mains. 
ACt = number of housing completions (thousands). 
HDt = housing density (numbers per square mile). 
NC PMt= numbers of domestic consumers per mile of 
gas main. 
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6.3 Validation Exercises 
This section presents the validation exercises for the 
disaggregated electricity model, the aggregate electricity 
model and for the gas model. Following sub-sections 
consider the performance of each of the models separately. 
Disaggregated Electricity Model 
Since the disaggregated electricity model was estimated, 
the Electricity Council has produced an updated version 
of their Domestic Sector Analysis (5) which gives ownership 
data and appliance consumptions up to and including 19811. 
Data in this new analysis have been used to assess the 
performance of the disaggregated electricity model as given 
in equations (3.68) to (3.86) and Table 3.24 in Chapter Three 
and in equations (4.11) to (4.20) and Tables 4.18,4.19 and 
4.20 in Chapter Four. The tables which follow set out 
observed and predicted levels of ownership for non-heating 
appliances and for space and water heating and assess the 
performance of the model. Predictions are brought together 
at the end of the sub-section into forecasts of total domestic 
sector electricity demand and again these results are 
compared with the more recent data that are now available. 
Table 6.1 which follows shows observed and predicted levels 
of ownership for the major non heating appliances over the 
last three years of the sample period and additionally to 
1981. The performance of the ownership equations would 
seem to be varied overall, with some sizeable differences from 
observations appearing by the end of the validation period 
for such appliances as blankets, freezers and colour televisions. 
For other appliances the equations appear to reproduce recent 
observed ownership levels closely. 
1. Domestic Sector Analysis, EF 144.2, The Electricity 
Council, April 1982. 
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TABLE 6.1 
Observed and Predicted Appliances Ownership Levels 
(% of consumers owning) 
Appliance liance Year 75 1 1976 1977 1978 19701W-- 1979C8Q' 198D/81 
Cooker' Act. 41.1 41.3 41.8 42.9 41.3 43.6 42.2 
Pred. - - - 42.4 42.9 43.3 44.0 
Washing Act. 70.1 71.5 72.9 75.1 74.2 75.8 79.0 
Machine Pred. 70.8 72.3 71.7 72.2 73.5 74.2 75.5 
Refrig- Act. 75.1' 75.2 75.4 74.2 74.8 71.6 70.3 
erator Pred. 72.3 75.8 74.1 75.1 77.9 78.1 81.5 
Freezer Act. 13.3 17.0 21.0 24.4 26.0 28.7 29.2 
Pred. 12.8 19.5 19.9 21.0 27.3 23.7 35.3 
Fridge- Act. 5.6 8.5 10.8 13.9 15.1 19.5 22.3 
Freezer Pred. 5.2 8.6 9.7 10.1 14.2 14.3 18.6 
Vacuum Act. 90.2 90.6 91.1 92.0 93.4 92.4 93.9 
Cleaner Pred. 89.4 90.7 90.3 90.5 91.8 92.4 93.6 
Iron2 Act. 97.0 96.6 95.8 96.4 97.1 97.1 97.0 
Pred. 96.9 96.9 96.9 96.9 96.9 96.9 96.9 
Kettle Act. 70.4 71.9 72.0 74.4 75.3 76.1 77.0 
Pred. 76.3 78.2 77.4 78.0 81.0 82.4 85.5 
Colour Act. 41.5 47.5 54.0 60.0 64.0 69.0 72.0 
TV. Pred. 34.2 40.3 46.2 51.8 60.3 71.4 83.9 
Mono Act. 55.5 50.0 43.5 , 37.5 33.5 29.0 26.0 
TV Pred. 62.7 56.9 51.2 45.9 37.8 27.2 15.3 
Blanket Act. 48.8 48.2 45.7 46.2 44.4 42.4 40.0 
Pred. 49.5 50.6 50.0 50.5 51.0 51.4 52.0 
Heated3 Act. 9.8 11.0 12.3 15.0 15.8 20.4 20.8 
Dryers Pred. 10.3 11.3 11.1 11.0 12.2 13.4 15.4 
Dish- Act. 2.2 2.4 2.5 3.2 3.0 3.4 3.7 
Washers Pred. 2.0 2.5 2.6 2.7 3.3 4.2 5.9 
Notes: 1. Projections of cooker ownership have been taken from 
Table 4.16 in Chapter 4. 
Because of the method of forecasting cooker ownership 
employed, retrospective forecasts over the sample period 
are not available. 
2. The ownership level of irons is assumed to be fully 
saturated at 96.9% of consumers as given in equation 
(3.59). 
3. Electricity Council data do not distinguish between 
cabinet dryers and tumble dryers. To facilitate 
comparison equations (3.64) and (3.65) have been 
combined into a single dryer equation. 
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The difficulties experienced by the blanket and freezer 
equations appear to be related to changes in asymptote 
which have occurred since the end of the sample period. 
The ownership level of blankets now seems to be declining, 
presumably in response to improving standards of home 
heating, and the saturation level of freezer ownership may 
have declined in favour of a substitute appliance, in this 
case the fridge freezer. This view is supported by the 
under-estimation of fridge freezer penetration. For 
colour televisions, the deficiencies inherent in the present 
equation can be attributed largely to the limited amount of 
data that was available at the time of estimation. In the 
future the availability of more data for estimation should 
enable this limitation, and the problems of changing 
asymptotes, to be overcome to a large extent. 
Table 6.2 which follows gives forecasts of the average 
consumption level of each of the major non-heating 
appliances in Table 6.1 for 1978-1981. Forecasts are 
not made for earlier years because only a limited amount of 
explicit modelling was undertaken for consumption levels 
in Chapter Three. 
Chapter Three drew attention to the limitations evident 
in the average consumption data for appliances and this 
is well illustrated by the Table 6.2. For those appliances 
where it was assumed that average consumption would in 
the future remain static the assumption overall seems to 
have been satisfactory, at least in terms of replicating the 
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TABLE 6.2 
Observed and Predicted Consumption Levels For Appliances 
(kWh per consuming owning per year) 
Appliance Year 
t 
1978 1979 1980 1980,81 
Cooker Act. 1000 1000 1000 1000 
Pred. ! 975 975 975 950 
Washing Act. 200 200 200 200 
Machine Pred. 208 216 223 230 
R, efriger- Act. 300 300 300 300 
ator. Pred. 297 295 293 292 
Freezer Act. 1000 1000 1000 1000 
Pred. 1000 1000 1000 1000 
Fridge- Act. 600 600 600 600 
freezer 3 Pred. 611 620 631 642 
Vacuum Act. 25 25 25 25 
Cleaner Pred. 25 25 27 27 
75 ct. Iron A 75 75 75 t Pred. 75 75 75 75 
Kettle Act. 250 250 250 250 
Pred. 250 250 250 250 
Colour Act. 450 425 400 375 
TV. Pred. 450 450 450 450 
Mono Act. 225 210 200 190 
TV. Pred. 250 250 250 250 
Blanket Act. 60 60 60 60 
Pred. 60 60 60 60 
Heated Act. 160 165 170 175 
Dryers Pred. 478 487 495 504 
Dish- Act. 500 500 500 500 
washers Pred. 
850 850 850 850, 
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more recent Electricity Council data. Dishwashers are 
a notable exception to this. The large differences reflect 
revisions to the Electricity Council data for all years 
arising out of more detailed studies than had previously 
been Undertaken. The consumptions of heated dryers has 
been similarly affected. For both of these appliances 
projections of electricity demand in the validation exercises 
and in the forecasts include the new consumption data. 
For appliances where some rudimentary estimation has 
been undertaken for annual consumption levels to capture 
trends in consumption and for other appliances where 
judgemental changes in consumption have been made ) 
the 
changes would all seem to have been premature. It is 
difficult to assess whether in fact this is the case or whether 
the Electricity Council feels unable to reflect this degree 
of accuracy in its consumption estimates, which may not be 
reassessed each year. Without exploring further the 
detailed market research data upon which the Electricity 
Council data is based it is not possible to resolve this 
question definitively. Overall, through the combination 
of changes to appliances' power ratings and changes to 
consumers' rates of utilisation (for the reasons outlined in 
Chapter Three) it is more likely that consumption levels 
will have shown some variation than remain constant. 
Table 6.3 which follows completes the validation exercises 
for the non-heating electrical appliances by giving estimates 
of electricity consumed per household for lighting and for 
powering sundry appliances (equations (3.83) and (3.86) 
respectively. The table also shows recorded consumption 
levels over 1978-1981. 
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TABLE 6.3 
Observed and Predicted Consumption Levels For 
Lighting and For Sundry Appliances 
(kWh per consumer per year) 
\ 
Appliance Year 1978 1979 1980 1990/81 
Lighting Act. 330 330 330 330 
Pred. 353 357 366 377 
Sundry Act. 135 140 140 145 
Pred. 128 139 129 133 
Space and water heating is divided. in Chapter Four 
between appliances used on full-rate tariffs and off-peak 
appliances. The ownership of electric point heaters 
used on full-rate tariffs is given in equations (4.11) 
and (4.12) and equations (4.13) and (4.14) give corresponding 
estimates for water heaters. For off-peak appliances 
ownership is described in equations (4.15) and (4.16) for 
space and water heaters respectively. Table 6.4 below 
sets out for each type of space and water heater projected 
ownership over 1978-1981 against observations. 
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TABLE 6.4 
Observed and Predicted Ownership Levels For 
Space and Water Heating Appliances 
(% of consumers owning) 
Appliance Year 1978 1979 1980 1980/81 
Appliances used on full-rate tariffs 
Space Act. 69.0 63.0 61.0 58.0 
Heaters Pred. 74.0 73.2 72.6 75.1 
Other' Act. 0.5 0.8 0.5 0.4 
Pred. 0.6 0.7 0.8 0.8 
Water Act. 59.5 56.5 56.9 55.4 
Heaters Pred. 51.2 49.4 46.3 45.0 
Other' Act. 3.4 3.6 3.8 3.9 
Pred. 4.1 4.5 4.9 5.4 
Appliances used on off-pea k tariffs 
Space Act. 10.8 10.4 9.3 9.1 
Heaters Pred. 13.0 13.0 13.0 13.0 
Water Act. 5.7 5.7 5.7 5.7 
Heaters Pred. 5.7 5.7 5.7 5.7 
These categories refer to minority groups of 
appliances; direct acting central heating in the 
case of space heaters and white meter water 
heaters taking a daytime boost. 
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The space and water heating equations performed less 
satisfactorily than the non-heating appliance equations 
and illustrate well the dangers of mechanically applying 
models outside their sample period without first making 
adjustments to allow for new trends. The problem is 
seemingly intractable as with just a few years of recent 
data it is not yet possible to determine the new inertial 
trends of ownership; but there is no option but to make 
new estimates if forecasts are to be attempted. 
The more recent data shows clearly that the ownerships of 
space and water heaters used on full rate tariffs and of 
off-peak space heaters are now declining and thus that 
these ownerships are- now adjusting towards asymptotic 
ownership levels significantly different from those assumed 
in the sample period. The equation for space heaters used 
on full-rate tariffs used a double logarithmic model to 
approximate the top section of the logistic curve and whilst 
it has satisfactorily approximated to this, the equation 
has not picked up the change in trend. Similarly, although 
through its' link with space heating ownership the equation 
for water heaters used on full-rate tariffs has picked up the 
start of the decline in ownership, it is not able to fully 
reflect the changed structure of the model. The equation 
for off-peak space heaters represents the middle case in that 
estimates from the equation suggest that ownership had 
saturated by 1978. Thus the equation does not at all follow 
the subsequent decline in ownership. Surprisingly however, 
ownership projections for off-peak water heaters seem 
accurate. This would be satisfactory provided that the 
ownership of off-peak space heaters was not declining. 
As it is the recorded water-heater ownership data suggest 
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that households are disinvesting of their off ; peak 
space heaters but retaining their off-peak water heaters, 
which is not an intuitively economic proposition. This 
casts some measure of doubt on the recent water heater 
ownership data. 
TABLE 6.5 
Observed and Predicted Consumption Levels For Space 
And Water Heating 
(kWh per consumer owning per year) 
Appliance Year 1978 1979 1980 1980/81 
Appliance used on-full rate tariffs 
Space Act. 442 673 587 455 
Heaters Pred. 529 315 359 413 
Otherl Act. 7000 8000 7500 7000 
Pred. 7000 6500 6500 6000 
Water Act. 1213 1158 1100 1050 
Heaters Pred. 1578 1438 1466 1524 
Other1 Act. 1590 1555 1540 1525 
Fred. 900 875 875 850 
Appliances used on off-peak tariffs 
Space Act. 5594 5787 5727 5528 
Heaters Pred. 6898 7848 6877 6393 
Water Act. 1419 1340 1271 1222 
Heaters Pred. 2316 2635 2309 2147 
1. See previous table. 
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Table 6.5 shows recorded and predicted average annual 
consumption levels for the various forms of space and 
water heating in Table 6.4. For all types of heating 
the table shows that the projections have not been accurate. 
However, these inaccuracies can be readily traced to 
retrospective changes to sample period data which have 
been made in the recent Electricity Council Domestic 
Sector Analysis. These changes make meaningful 
validation difficult and it is clear that equations (4.17) 
to (4.20), which deal with consumption by space and water 
appliances, would need to be re-estimated before serious 
forecasting could be undertaken. 
Table 6.5 completes the validation exercises for the 
disaggregated electricity model. Table 6.6 below 
shows how the equations have performed collectively 
against the more recent data on total electricity consumption 
per household and total electricity consumption by the 
domestic sector as a whole. The projections for total 
consumption of the sector are based upon the numbers of 
consumers as forecast by equation (3.86). These projections 
are also shown in the table, together with the recorded 
numbers of consumers for 1978-1981. 
0 
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TABLE 6.6 
Observed and Predicted Total Electricity Consumption 
Per Consumer and Total Domestic Sector Consumption 
(kWh and million kWh respectively) 
Year 1978 1979 1979/80 1980/81 
Number of 
Consumers l 
Act. 
Pred. 
17953 
. 
17224 
18099 
17342 
18298 
17704 
18476 
177.63 
Total con. 2 
per consumer 
Act. 
Pred. 
4067 
4065 
4205 
4095 
4021 
3977. 
3895 
4151 
Error 0.05 2.6 1.2 6.3 
Total domest- 
is sector conn 
Act. 
Pred. 
73017 
70016 
76101 
71015 . 
73570 
70409 
71971 
73734 
Error % -4.3 '=7.2 -4.4 Z4 
1. Numbers of consumers in thousands. 
2. kWh per year. 
3. millions of kWh per year. 
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Table 6.6 shows that overall the projections from the 
disaggregated model are reasonable. However the 
acceptable final results conceal the compensating errors 
which have been made by some of the model's equations 
and do not show that the model would need some adjustments 
before serious forecasting could be undertaken. The 
validation exercises do show though that the model structure 
is well suited to analysing the various components of domestic 
electricity demand. 
Aggregated Electricity Model 
This section sets out forecasts produced from the 
aggregated electricity model against more recent data which 
is now available from Electricity Council Annual Reports. The 
aggregated model was developed in Section 4.8 of Chapter 
Four and the original structural form of the model is given 
by equations (4.45), (4.46) and (4.47). Because the model 
is one of simultaneous relationships the last section derived 
the reduced form of the structural model to facilitate 
forecasting. The regional model has, also been converted 
onto a national basis. 
Table 6.7 below sets out forecasts from the model of average 
electricity consumption per household, the average price paid 
for electricity by domestic consumers, the average price 
discount received and the number of domestic electricity 
consumers. Projections are made for the financial years 
1979/80,1980/81 and 1981/82. Table 6.8 shows 
comparisons with projections made by the disaggregated model. 
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TABLE 6.7 
Observed and Predicted Electricity Consumptions 
From Aggregated Model 
Equation Year 1979/ 80 1980/ 81 
j 
1981/82 
Average Act. 4018 3896 3874 
Consumpt. Pred. 4312 
{ 
4058 4011 
Average Act. 1.863 2.092 2.113 
Price2 Pred. 1.497 
I 
{ 
1.849 1.853 
Average Act. 39.1 
3 
38.6 37.8 
Discount3 Pred. 37.3 38.0 37.7 
Number of Act. 18.298 18.474 18.624 
Consumers Pred. { 18.403 } 18.490 18.670 
Total Act. 73570 71971 72143 
Consumpt5 Pred. 79354 75032 74885 
Error (%) 7.4 4.2 3.8 
Notes: 1. kWh per consumer per year. 
2. pence per kWh (1975 prices) 
3. percentage discount from base price. 
4. millions 
5. millions kWh. 
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Results in the table show each of the equations to be 
reasonably accurate in reproducing past observations, 
though with the average consumption and numbers of 
consumers equations performing noticeably better than 
the price equation. It is likely that it is the price equation 
which limits the overall performance of the model, as its' 
underestimation of average price feeds through into the 
average consumption equation and through the negative 
regression coefficient is at least partly responsible for 
the overestimation in that equation. 
This simple 'fault line' highlights a problem of forecasting 
that is peculiar to simultaneous relationships models. 
Forecasts in the next section from the gas model provide a 
more dramatic illustration. The problem is that deriving 
the reduced form of a simultaneous equations model can lead 
to cumulated errors in regression coefficients through the 
multiple substitutions which must be made to solve the model. 
Thus the reduced form model may give noticeably less precise 
estimates of the total effect that one variable has upon another 
(that is the direct structural effect and any indirect effect 
arising through the model's other equations) than the original 
estimated equations. This is not counter-intuitive, as one 
would expect the variance of the reduced form coefficients 
to reflect the combined variance of all coefficients used in 
the substitutions, but it does make forecasting more difficult. 
The problem is explored further with the gas model. 
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TABLE 6.8 
Comparison Of Total Consumption Projection By 
Disaggregated and Aggregated Models 
1979/80 1980/81 1981/82 
Recorded Consump. 73570 . 71971 72143 
Predicted from 70863 71240 not available Disaggregated 
Predicted from 
Aggregated A X9354 75032 74885 
Disagg. Error (%) -3.8 -1.0 - 
Agg. Error (%) 7.4 4.2 3.8 
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Table 6.8 shows that the disaggregated model performed 
better during 1979/80 and 1980/81 than the aggregated model. 
A comparison cannot be made for 1981/82 because 1982 
data are not yet available in the Electricity Council's 
Domestic Sector Analysis. Despite the relatively close 
fit of the disaggregated model, the reservations made in 
the previous section concerning compensating errors are 
still valid and adjustments would need to be made before 
serious forecasting could be undertaken. Also, the improved 
fit of the disaggregated model over the aggregated model 
may have resulted from the derivation of the national aggregate 
model.. as the average of the twelve separate regional equations. 
The average national model may not satisfactorily reflect 
changes in regional patterns of energy consumption that are 
now occurring and it is possible that forecasts from the 
full pooled model could improve upon those presented here. 
Indeed one might expect that this ought to be the case, given 
the larger amounts of data involved in its estimation. Without 
undertaking a full solution to the model however it is not 
possible to suggest whether the aggregate model is overall 
inferior to the disaggregated model, or superior in forecasting 
applications. The basis for the comparison of just two years 
results is in any case extremely limited. 
Aggregate Gas Model 
The gas model proved the most difficult of the three models 
to estimate and Chapter Five concluded that further work was 
required on domestic gas demand before a fully satisfactory 
model could be derived. In particular, Chapter Five drew 
attention to the biassing effect upon regression coefficients 
of omitting a relevant variable from the model; in this case 
advertising. Despite this omission the time series and 
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cross-sections were able to produce a set of equations 
explaining in some cases a very high proportion of the 
observed variation in the dependent variables. Nevertheless 
the regression coefficients remain biassed and this is 
illustrated well when the model is used for forecasting. 
In addition, the reduced form of the model suffers more 
seriously from the cumulative error problems encountered 
with the reduced form of the aggregate electricity model. 
The previous section describes the derivation of a national 
reduced form of the gas model. All variables in the model 
are in logarithms. This amplifies the kind of substitution 
errors encountered in the electricity model, as on converting 
back from logarithms to natural numbers the cumulated 
errors are increased further by taking the exponent of 
the structural estimate. Thus quite large errors can 
result. 
The missing variable problem further makes the reduced 
form of the gas model unreliable. The structural equations 
were able to explain gas consumption and gas prices well 
because to the extent that advertising effects were correlated, 
either causally or statistically, with variables included in the 
equations then the variable's effects were captured through 
over or understatement of the regression coefficients. However, 
when substitutions are made to derive the reduced form of 
the model there is no natural guarantee that each endogenous 
variable will have the same causal and statistical relationship 
with the omitted variable as the combined associations that 
all the exogenous variables have with the omitted variable. 
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Indeed this would not normally be the case as multiple 
substitutions will normally lead to an overstatement of 
the statistical association with the omitted variable. The 
results of the multiple errors problem and of the missing 
variable problem are illustrated dramatically in Table 6.9 
which shows observed gas consumptions per consumer over 
the last three years against those predicted from the reduced 
form of the gas model. Ignoring for the moment the sharp 
decline in consumption predicted, for which a special reason 
is identified later, the table shows that the reduced form of 
the model underestimated consumption in the first forecast 
year by nearly 20%. 
TABLE 6.9 
Observed and Predicted Gas Consumptions Per Consumer 
(therms per year) 
Year 1979/ 80 1980/81 1981182 
Observed 
Predicted 
556 
464 
561 
354 
589 
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Clearly a different approach is required if any sort of 
meaningful forecasting is to be undertaken from this 
model. One way of achieving this is discussed below, but 
the method requires that the relationships which the omitted 
variable has with each of the included variables should remain 
the same during the forecasting period as during the sample 
period. Changes in the relationships would lead directly 
to forecasting errors. In any case the method is not able 
to overcome the problem of disentangling the bias from 
regression coefficients. 
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The method proposed discards the reduced form of the 
model completely and produces forecasts from the structural 
form of the model through an iterative procedure. 
Exogenous variables can be entered into the structural 
equations directly but correct values for endogenous 
variables are not known until the model is solved and so 
starting values must be assumed. Although in theory 
any values could be chosen, starting from the previous 
year's values will normally avoid equations diverging 
between iterations. 
Although deriving an iterative solution to the gas model 
would be a most interesting exercise, developing the 
required computer programme extends beyond the scope 
of this study and so it has not been attempted. Moreover 
the inherent shortcomings of the gas model and the simple 
mechanical way in which the model has been applied outside 
of the sample period would both need to be improved upon to 
justify the extra effort involved. Instead, a short cut 
method has been adopted to illustrate the working of the 
model as it stands. Each of the equations in the structural 
form of the model. which are listed in the previous section. 
have been solved twice and results are given in Table 6.10. 
The first solution= labelled 'start', shows solutions of each 
equation based upon 'previous year' values of those 
endogenous variables which the equation includes. The 
second solution, labelled 'final', solves each equation on 
the basis of observed values of those endogenous variables 
included in the particular equation. 
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TABLE 6.10 
Approximate Solution To The Gas Model 
Equation Year 
( 
1979/80 1980/ 81 1981/8Z 
Average consumption Actual 556 561 589 
per consumer Start 531 558 526 
(therms per year) Final 571 525 467 
Average Actual 11.3 12.0 13.5 
price Start 11.8 11.9 13.5 
(pence per therm) Final 11.4 12.1 13.6 
Average price Actual 22.2 23.9 29.6 
discount Start 16.0 22.4 33.2 
(%) Final 18.1 19.1 27.1 
Marginal price Actual 9.6 10.5 11.9 
(pence per therm) Start 11.2 10.9 12.4 
Final 9.8 10.6 13.0 
Miles of mains Actual 139.4 140.9 141.8 
(thousands) Start 138.9 138.0 139.3 
Final 13 8.0 139.3 142.7 
Consumers per Actual 105.4 106.0 106.7 
mile of main Start 96.0 112.2 118.0 
Final 1 101.8 107.8 109.3 
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With the notable exception of the average consumption 
equation the structural relationships perform well and 
show a reasonably close fit to the more recent data. 
The very poor fit of the average consumption equation 
suggests strongly that consumers price elasticity has 
declined sharply since the end of the sample period and 
that demand is less responsive to price when prices are 
rising than it is when prices are falling (as they were 
throughout the sample period). Had prices instead 
continued their downward trend, the fit of the consumption 
equation would have been much closer to observed consumption 
levels. This is yet another illustration of the dangers of 
mechanically applying a model outside of its sample period 
without first updating to include more recent information 
that may be available. Table 6.11 shows actual and 
forecast total gas consumption by the domestic sector and 
shows that the change in price elasticity that would seem 
to have occurred is largely responsible for the 18.2% forecast 
error which appears by 1981/82. 
TABLE 6.11 
Actual and Forecast Total Domestic Sector Gas Consumption 
(millions of therms) 
Year 1979180 1980/81 1981 82 
Actual 
Predicted 
8169 
8022 
8379 
7884 
8912 
7284 
Error (%) 1.8 5.9 18.2 
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6.4 Forecasts 
This section presents forecasts to 1985 from both of the 
electricity models and from the gas model. Like the 
validation exercises of the previous section, forecasts 
have been prepared only to illustrate the working of the 
models. Serious forecasting would require a great deal 
of preliminary work to be undertaken, and as already 
mentioned this extends beyond the original scope of this 
thesis. The forecasts presented can therefore only be 
taken as showing the likely trend of future domestic sector 
electricity and gas demands and cannot be taken as definitive 
projections. Nevertheless, care has been taken to ensure 
that the projections are as accurate as possible. For example, 
where the validation exercises have shown that either a 
revision has been made to past data, or that some new 
trend has emerged since the end of the sample period, 
this new information has been included in the projections. 
Changes to the models are indicated where they have been 
made. 
The section is again divided into three and considers 
separately the projections from the disaggregated and 
aggregated electricity models and from the gas model. 
Each set of projections are prefaced by the assumptions 
embodied in forecast values for exogenous variables. 
The assumptions do not form part of a background scenario 
which has been developed, but neither are they thought to 
be inconsistent. 
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Disaggregated Electricity Model 
Forecasts from the disaggregated electricity model 
have been made on the basis of the price, income and 
credit data set out in Table 6.12. The data assume 
that real disposable household income will grow at 2% 
per annum and that the real price of durable goods will 
continue the steady decline it has exhibited over the 
sample period. Households' credit outstanding is assumed 
to remain constant at its 1978-1981 average level and 
new credit extended is assumed to increase in real terms 
at 5% per annum. Forecasts for the other variables used 
such as central heating ownership and appliances' power 
consumptions are as given in Chapter Three. The average 
prices of electricity and of gas used in the space and water 
heating equations have been taken from the aggregate 
electricity and gas forecasts which are presented in 
following sections. 
TABLE 6.12 
Exogenous Variable Projections For The Disaggregated 
Electricity Model 
Variable 1982/3 1983/4 1984/5 
Permanent Incomel 8052 8197 8310 
2 
Durables Price 0.67 0.65 0.63 
Debt Outstanding 
3 
77.4 77.4 77.4 
3 
New Credit 127.9 134.3 141.0 
Notes! 
1. £ per household per year, constant 1970 prices. See 
Appendix I. 
2. See equation (3.11). 
3. £ per household, constant 1970 prices. 
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Throughout the projections corrections have been made to 
both ownership equations and average consumption estimates 
to make allowance for forecasting errors during the last 
year of the validation exercises. These may not improve 
overall the accuracy of the final projections for the sector 
as a whole, but they do at least reduce the amounts of 
compensating errors in the final forecast and hopefully 
make the individual appliance projections more reliable. 
In some cases these adjustments have meant that appliance 
ownerships have exceeded the original saturation level 
postulated, washing machines and fridge-freezers for 
example, whilst in other cases they suggest that appliance 
ownerships are now saturating at lower levels than suggested 
by ownership growth during the sample period. These changes 
serve to underline the dynamic nature of domestic electricity 
demand and again point towards an important area for further 
development of the logistic approach. This is considered 
further in Section 6.5. 
Tables 6.. 13 to 6.17 which follow present the component 
projections of the disaggregated electricity model., Table 
6.18 summarises the results and shows, on the basis of 
the inputs in Table 6.12, that average household electricity 
demand is unlikely to change significantly from its 
1980 and 1981 levels over the next four years. Whilst 
there is a 3% difference between the 1982 forecast 
average consumption and the level recorded for 1981, some 
part of this will most probably have resulted from the 
adjustments made to individual equations. The 1982 forecast 
lies part way between the 1981 forecast and the 1981 
observation and it is not possible to be more precise than 
to suggest that consumption will stagnate. 
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With only very slow growth forecast in the numbers of 
domestic sector consumers, Table 6.18 also shows that 
total domestic sector electricity demand is likely to 
stagnate over the next four years. Because the slow 
growth in numbers of consumers compensates for the 
very slight decline forecast for average consumption per 
consumer, the stagnation in total consumption is more 
pronounced than for individual consumers. These results 
are compared in the next section with forecasts made from 
the aggregate electricity model. 
TABLE 6.13 
Forecast Appliance Ownership Levels 
(% of consumers owning) 
Appliance 1982/ 31 1983/4 1984/5 
Cooker 44.8 45.7 46.3 
Washing Machine 78.4 80.2 78.3 
Refrigerator 66.9 74.2 74.2 
Freezer 34.0 34.0 34.0 
Fridge/Freezer 22.8 22.8 22.8 
Vacuum Cleaner 93.8 94.7 94.6 
Iron 96.9 96.9 96.9 
Kettle 76.5 78.9 77.9 
Colour TV 86.2 96.0 100.0 
Mono TV 23.8 14.4 10.6 
Blanket 39.7 40.5 39.4 
Heated Dryers 21.7 24.6 26.5 
Dishwashers 4.9 6.1 7.1 
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TABLE 6.14 
Forecast Appliance Consumption Levels 
(kWh ner consumer owning per year) 
Appliance 1982/3 1983/4 
11984/5 
Cooker 1000 1000 974 
Washing Machine 207 213 220 
Refrigerator 298 296 295 
Freezer 1000 1000 1000 
Fridge/Freezer 609 620 629 
Vacuum Cleaner *, 26 27 27 
Iron 75 75 75 
Kettle 250 250 250 
Colour TV 375 353 353 
Mono TV 190 190 190 
Blanket 60 60 60 
Heated Dryers 178 181 184 
Dishwashers 500 500 500 
TABLE 6.15 
Forecast Consumption Levels For Lighting and For 
Sundry Appliances 
(kWh per consumer per year) 
Appliance 1982/3 1983/4 1984/5 
Lighting 
Sundry Appliances 
340 
154 
348 
160 
358 
163 
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TABLE 6.1 6 
Forecast Ownership Levels Of Space and Water 
Heating Appliances 
(% of consumers owning) 
Appliance 
I 
1982/3 3983/4 198415 
Appliances used on full rate tariffs 
Space Heaters 60.9 61.5 62.2 
Other1 0.5 0.5 0.. 6 
Water Heaters 61.1 55.5 53.8 
Other 
1 4.3 4.8 5.2 
Appliances used on off-peak tariffs 
Space Heaters 9.1 9.1 9.1 
Water Heaters 5.7 5.7 5.7 
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TABLE 6.17 
Forecast Consumvtion Levels For Space and 
Water Heating Appliances 
Wh per consumer owning per year) 
Appliance 1982/ 3I 1983/4 
I 
1984/ 5, 
Appliances used on full rate tariffs 
Space Heaters 340 316 275 
Other1 7000 6417 6417 
Water Heaters 1003 978 953 
Other1 1525 1480 1480 
Appliances used on off-peak tariffs 
Space Heaters 5900 5859 5834 
Water Heaters 1304 1295 1290 
Notes: 1. These categories refer to minority 
groups of appliances. 
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TABLE 6.18 
Forecast Total Electricity Consurnntion Per Consumer 
and Total Domestic Sector Consummation 
(kWh and millions of kWh per year) 
1982/3 1983/4 1984/5 
Numbers of 18519 18603 18716 Consumers 
Total con. 2 4057 4045 4026 
per consumer 
Total domestic 75131 75249 75351 
sector con. 
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Aggregate Electricity Model 
The aggregate electricity model uses as exogenous variable's 
real disposable household income, the number of degree months 
electricity consumption per domestic consumer during the 
previous price, the 'base price' of electricity reflecting 
an annual consumption level of only 750 kWh per year) the 
population of England and Wales and the number of persons 
per household: Values which have been assumed for these 
variables are set out in Table 6.19 below. 
TABLE 6.19 
Exogenous Variable Projections For The Aggregate 
Electricity Model 
Variable 1982 83 
ý 
1983/84 
ý 
1984185 
Household Income1 76.13 77.66 79.21 
Degree Months. 70.2 70.2 70.2 
3 
Lagged Consumpt. 3874 - - 
Base Price4 3.50 3.60 3.71 
Populations 49899 49724 49550 
6 
No. per household 2.645 2.628 2.611 
Notes: 
1. Real disposable income at constant 1975 prices assuming 
escalation at 2% per annum on 1981/82. 
2. Degree months to a base temperature of 15.5o C. Figure 
given is the average of 1978/79 - 1981/82. 
3. Consumption in kWh per year. Figures for 1983/ 84 
and 1984/85 are provided from the 1982/83 and 1983184 
solutions. 
4. Pence per kWh, constant 1975 prices, for a consumption 
level of 750 kWh per year. Figures assume a real increase 
of 3% per annum from 1981/82. 
5. Population of England and Wales in thousands. Projections 
have been interpolated from 1986 estimates given in 
Population Trends 28, Summer 82, Table 2, page 27. 
6. Projections are a continuation of the trend observed over 
recent years. See for example Table 12 in Appendix III. 
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TABLE 6.20 
Forecasts Of Domestic Sector Electricity Consumption 
1982/83 1983/84 1984/85 
Consumption 1 3804 3799 3798 
per consumer 
Average price 
2 2.22 2.33 2.43 
Average price 
discount (%) 38.1 38.5 39.1 
Numbers of 3 
consumers 18793 18737 18682 
Aggregate model 4 71470 71182 70954 
total consumption 
Total consump. -0.9 -0.4 -0.3 
growth (%). 
Disagg. model s 
total consumption 75131 75249 75351 
Difference (%) 5.2 5.7 6.3 
Notes: 
1. kWh. 
2. pence per kWh at constant 1975 prices. 
3. thousands. 
4. millions of kWh. 
5. projections interpolated from estimates made in the 
previous section. 
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Table 6.20 above shows projections of domestic sector 
electricity consumption from the aggregate electricity 
model. Consumptions per consumer shown in the 
first row have been adjusted downwards by 3.5% from 
the actual forecast levels to reflect the model's 
overstatement of consumption during the last year of the 
validation exercises. Similarly forecast price levels 
have been increased by 14% to reflect the model's under! - 
estimation during the validation period. 
On the basis of the exogenous variable assumptions in 
Table 6.19, the aggregate model forecasts that domestic 
sector electricity consumption is likely to stagnate over 
the next three years. This is substantially in agreement 
with the disaggregate model forecasts as the table shows. 
Like the disaggregate model, the aggregate model suggests 
that average consumption per consumer will remain 
virtually static until 1985, but there is a difference between 
the models in that the aggregate model forecasts a marginal 
decline in the number of consumers. 
More noticeable is the absolute difference in the 
projections between the two models. This is again most 
likely to be a result of the averaging of the twelve regional 
equations into the national model as discussed in the 
previous section. Also, the difference may result from 
the arbitrary changes which have been made to the 
disaggregated model to try and capture changes in ownership 
trends which have emerged since the end of the sample 
period. 
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Aggregate Gas Model 
The aggregate gas model uses as exogenous variables 
real disposable household income, the number of degree 
months, additions to households' stocks of gas appliances, 
the 'base price' of gas reflecting an annual consumption 
level of 80 therms per year, the average price of 
electricity, the number of house completions per thousand 
of the population and housing density. The values which 
have been assumed for these variables are shown in Table 
6.21 below. 
TABLE 6.21 
Exogenous Variable Projections For The Aggregate Gas Model 
Variable 1982/83 1983/84 1984/85 
Household incomel 76.13 77.66 79.21 
Degree months2 70.2 70.2 70.2 
Stock additions3 27.6 29.0 30.4 
Base price4 26.0 27.3 28.7 
5 
House completions 4.5 4.7 4.9 
6 
Housing density 240.5 242.3 244.1 
Notes: 
1. Real disposable income at constant 1975 prices assuming 
escalation at 2% per annum on 1981/82. 
2. Degree months to a base temperature of 15.50C. Figure 
given is the average of 1978/79 - 1981/82. 
3. Sales of gas appliances (in thousands) per thousand 
consumers weighted by appliances average annual gas 
consumptions. 
4. Pence per therm, constant 1975 prices, for a consumption 
level of 80 therms per year. Figures assume a real increase 
of 5%. per annum from 1981/82. 
5. Housing completions per year per thousand of the population. 
Figures assume a slight recovery from the level of 3.6 complet- 
ions per 1000 population during 1981/82. 
6. Housing density per square mile. Figures assume a 
continuation of the current trend in housing 
density. 
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TABLE 6.22 
Forecasts of Domestic Sector Gas Consumption 
1982/83 1983/84 1984/85 
Consumption Start 602 614 625 
per consumer' First 586 602 605 
Average Start 13.9 14.1 14.6 
price2 First 13.8 14.1 14.2 
Average price Start 30.0 33.4 34.6 
discount (%) First 30.0 30.6 34.7 
Margynal Start 11.9 12.5 13.1 
price First 11.9 12.4 12.4 
Mites of Start 142.8 144.6 145.1 
mains4 First 144.6 145.1 144.9 
Consumers Start 109.5 107.3 106.9 
per mile First 107.9 105.7 106.3 
Total domestic 9143 9233 9319 
sector conspt. 
6 
Total consupt. 2.6 1.0 1.0 
growth (%) 
Notes: 
1. Average consumption per consumer in therms. 
2. Average price per therm, constant 1975 prices. 
3. Marginal price per therm, constant 1975 prices. 
4. Thousands of miles of mains. 
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Forecasts from the gas model are shown in Table 6.22 
below. The forecasts have been made using the same 
iterative method of solution as in the validation exercises. 
However, because of the need to programme a final-solution, 
the model has not been solved completely. Instead only 
the first two solutions have been evaluated by hand. These 
are shown in the table as 'Start' and 'First' respectively. 
The 'Start' solution again uses values of the endogenous 
variables from the previous year. This solution provides 
the inputs to the 'First' solution. 
In order to produce a reasonable set of forecasts, one 
important change has been made to the model from that 
used in the validation exercises. Following the sharp 
decline in consumption per consumer predicted by the 
model for 1979-1982, in contrast to the continued growth 
in consumption actually recorded, the estimated price 
elasticity of -1.01 has been reduced to -0.92 in 
the forecasting model. The rationale underlying the 
adjustment was mentioned in 'the validation exercises; that 
consumers', price elasticity appears to have fallen as gas 
prices have risen compared with their price elasticity when 
prices were falling. However the reduction in elasticity 
input to the model has been derived arbitrarily. The value 
of -0.92 gives a predicted average consumption level in 
1981/82 of 586 therms, the value actually recorded. 
With the adjustment in elasticity the model predicts that 
average gas consumption per consumer will continue to 
increase over the next three financial years, though more 
slowly than in the past. The 1984/8S forecast average 
consumption of 605 therms is only 3.2% higher than the 
1981/82 average consumption level actually recorded. 
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This compares with a 6.9% increase in average 
consumption between 1978/79 and 1981/82. In making 
comparisons however it must be remembered that the 
model has not been solved completely and the final 
forecasts for each of the next three years could be 
higher than those produced from the first solution. 
Nevertheless a final solution showing some slowdown 
in the rate of increase still seems likely from the first 
two solutions. This can be attributed to the continuing 
real increases in the price of gas and to the only modest 
recovery of household income which have been input to 
the model. It is of course possible that households' 
price elasticity could decline further under a 'ratchet' 
effect and that average consumption will show stronger 
growth than has been predicted here. 
The influence of higher real price is also shown through 
the numbers of consumers per mile of main equation 
where after an increase from the 1981/ 1982 level the 
density of consumers is forecast to be lower over the 
following two years. However, this does not imply that 
consumers will be terminating their gas supplies. Rather 
it probably reflects the combined effect of a continued 
expansion of the gas distribution system into more sparsly 
populated areas and a slowdown in the rate of new connections 
in existing gas supply areas. The overall decline projected 
would result from a faster rate of system expansion than 
new connections. 
The last two rows of Table 6.22 show forecast total 
domestic sector gas consumption and the implied annual 
rates of growth. Compared with the total consumption 
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levels for 1979/80 to 1981/82 shown in Table 6.11, 
which reflect annual growths of 3.4%, 2.6% and 6.4% 
respectively, the preliminary results to 1984/85 show a 
marked slowdown in the rate of increase in consumption. 
Whilst further iterations may alter these figures, it is 
unlikely that significant changes would occur and a final 
solution to the model would probably forecast that total 
domestic gas consumption will remain relatively 
stagnant over the next few years. 
6.5 Conclusions 
Introduction 
This thesis has constructed three models. Work has 
attempted throughout to build upon the researches of 
other authors and to draw upon the strong parts of their 
analyses. The early review of other domestic sector 
studies suggested that where possible disaggregated analyses 
should be conducted first as a route to later, defensible 
aggregation. Much of this thesis has therefore been devoted 
to studying domestic electricity demand disaggregated by 
end use. Similarly detailed work for domestic gas demand 
is unfortunately precluded by the inavailability of sufficiently 
detailed data. 
The disaggregated, logistic-based, model of electricity 
demand is summarised in Section 3.1 of Chapter Three 
and Section 4.4 of Chapter Four. It treats the inherently 
dynamic nature of domestic electricity demand in what 
is hoped is a logical and uncontroversial fashion. 
Despite electricity's heterogenous end-uses, the disaggregated 
model does show some basic similarities between power 
demands, lighting, and space and water heating demands that 
facilitate aggregation. The aggregated models of domestic 
electricity demand are shown in Chapter Four. Of the various 
forms explored, the dynamic model in Section 4.8 is perhaps- 
the most satisfactory. 420 
The attempt in Chapter Five to construct an aggregated 
domestic gas demand model, drawing only upon the 
experience of the electricity models and not upon separate 
analyses of gas demands disaggregated by end-use, met 
with only limited success. As mentioned, opportunities 
for a disaggregated analysis are prevented by the 
inavailability of key data. This inavailability remains 
perplexing and disappointing. Although of only limited 
practical use itself, the aggregated gas model has, 
however, helped develop further the generalised pooling 
technique and has shown some basic differences in the 
nature of domestic electricity and gas demands which need 
to be investigated further. The re-structured and reduced 
aggregated gas model is given in Tables 5.16 to 5.21. 
Model Structure 
All three models have emphasised the need to tailor model 
structures closely to systems of the real world. Indeed, 
the word model implies a reflection of similarity on a 
different scale. Searching for this similarity is a most 
important aspect of model building. Although in economic 
modelling the study of economic systems remains the 
paramount objective, it is not sufficient to take the specification 
of a model no further than the choice of independent variables. 
Mathematical representation must be sufficiently exact so 
as not to violate the stochastic assumptions of regression 
analysis. This is not possible in practice and acceptability 
becomes a question of degree. Nevertheless, it is possible 
for correct economic theory in a specification to fail in a 
model because of mathematical misrepresentation. 
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Mathematics, as across the whole spectrum of 
sciences, provides unlimited scope of analysis and 
it is the responsibility of the researcher to choose 
the most appropriate framework for individual models. 
Areas For Further Work 
Disaggregated Electricity Model 
In the disaggregated electricity model, a central area 
for further research is in relation to changing saturation 
ownership levels. The analysis of Chapter Three assumed 
that saturation asymptotes do not change and that changes 
in ownership are adjustments towards a fixed asymptote 
This may be a restrictive assumption. Observations from 
recent years suggest in the validation exercises that 
appliances' saturation ownerships may have become a 
new factor in dynamic behaviour. Perhaps more likely is 
that they have always been a dynamic element but of such a 
long run nature that the analysis of Chapter Three failed to 
identify any changes. 
Changes in saturation levels may result not from changes 
in the variables specified in the existing equations, which 
are more likely to effect the speed of adjustment towards 
each asymptote, but from wider changes; gradual changes 
in housing stocks and lifestyle patterns for example. 
Freezers are a case in point. Although new urban 
properties are often smaller than their predecessors, 
limiting the possibilities of freezer ownership, kitchens 
are often now designed specifically to accommodate a 
freezer. Thus it could be argued that the existence of 
freezers has slowly changed kitchen design so that the 
space constraint on ownership imposed in some older 
properties is now gradually being relaxed. Therefore 
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the saturation ownership level, devolved through a 
combination of economic and physical factors, is able 
to increase. The ownership saturation level of tumble 
dryers may be similarly affected. 
Other factors which may influence saturation levels 
include the introduction of complementary and substitute 
appliances; such as colour televisions for monochrome 
televisions; and more recently microwave ovens for 
cookers. To an extent these complement and substitute 
effects can be interdependent with the wider changes 
mentioned previously. For example, the recently introduced 
all-electric Medallion Homes schemes provides some evidence 
that building design has an effect upon the fortunes of 
competing heating systems. 
In relation to heating systems, however, it must be 
acknowledged that changes in ownership asymptotes are 
driven principally by changes in relative fuel prices. 
For example, the resurgence of interest in electric space 
heating, particularly in new property, contrasts with 
observations at the end of the original sample period. 
It reflects the recent sharp increase in the real price of 
gas and expectations that the price of gas relative to 
electricity will continue to increase. 
Price rests at the centre of a second area where 
improvements to the logistic analysis could be made. 
Separate appliance prices were not included in the ownership 
equations and this can only be regarded as a simplification 
in specification. Despite present data difficulties in 
moving beyond an average index of durable prices, considerable 
improvements to the disaggregated model could be made if it 
were possible to 
identify separately the effects of individual 
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appliance prices on ownership. The general index used 
at present conveys only a minimum of price information. 
Apart from the direct benefits arising from more 
appropriate data, closer analysis of the long-term 
effects of prices, particularly consumers price 
expectations, could do much to further understanding 
of dynamic consumer behaviour. This would enable a 
closer tailoring of models to individual appliances rather 
than using a common variable for large and small appliances 
alike. Work on price expectations necessarily implies 
an empirical representation of ex ante concepts, which 
at some stage cannot fail but to adopt partly arbitrary 
simulations. It is difficult to see how this. problem can 
be avoided but further work on long term price effects 
would in any case seem desirable. 
Despite areas where the disaggregated model falls 
short of a fully satisfactory treatment of domestic 
electricity demand, it is believed that the analysis has 
made a useful contribution to the debate on methodologies 
of disaggregated analysis and to the understanding of energy 
use at fine levels of disaggregation. 
Aggregated Electricity Model 
The need for further work on expectations is also borne 
out by the aggregated electricity model. Although satisfactory 
in the validation exercises, the model specification adopted 
does not lend itself easily to the separation of short and long 
run effects. In aggregate models this separation is crucially 
important. An implicit combination of short and long run 
effects; of the utilisation and appliance stock elasticities, 
yields a composite elasticity whose interpretation is unclear. 
Using broadly similar specifications, different results have 
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Text cut off in original 
been claimed by different authorsl. 
Although it is clearly not the purpose of aggregated models 
to enquire to similar levels of detail as disaggregated models, 
the model must preserve the basic economic structure of the 
demand (or supply). Especially in studies of derived 
demands the model must be able to distinguish between 
short and long run effects. Separation needs to be more 
explicit than simple comparisons of elasticities over time 
and across regions. Theory developed for the aggregate 
electricity model in Chapter Four goes part way to achieving 
the explicit sepat ation but the method demands a lot from 
the data and can be regarded only as a first extension of 
the partial adjustment mechanism. There remains much 
scope for further work. 
Allied to the problem of separating short and long run 
effects is the question of at what level to conduct analyses 
of price effects. With access to large data sets there is 
a natural tendency for researchers to expand the base of 
analysis. Carried with this are the dangers of analysing 
consumer behaviour in greater detail than may exist in 
reality. This would seem to be particularly true of price 
response. Arguments as to the suitability in analysis of 
average or marginal prices have not as yet been resolved 
and different authors advocate both approaches depending 
upon their data and the -aims of their studies. Throughout 
this analysis has been an overriding feeling that the 
treatment of consumers' price responses as though 
determined by marginal consumption infers from data more 
information than it actually contains. Cases where controlled 
experiments have 
been conducted to analyse specifically 
marginal prices are an obvious exception to this. In general. 
425 
however, the delayed payment for electricity and gas with 
consequent information lags restricts analysis with 
non-specific data realistically to average prices. 
Aggregated Gas Model 
The only partial success of the gas model demonstrates 
that with the data currently available a fully satisfactory 
investigation of demand and supply is not yet possible. 
Virtually all the model's difficulties can be attributed 
to data deficiencies. Most serious is that end-use data 
similar to that on electricity in the Electricity Council's 
Domestic Sector Analysis (5) is not made available 
for gas. Thus the investigation of domestic gas demand 
is confined to aggregated analysis and model specification 
is hampered seriously through not being able to draw upon 
end-use analyses to suggest defensible aggregations. 
Specification is hampered further by the inavailability of 
key aggregate data, in particular advertising expenditure, 
so that even the aggregate analysis suffers seriously from 
the effects of an omitted variable. 
So long as British Gas Corporation continues to restrict the 
availability of data then researchers will be able to make 
only limited progress in developing satisfactory models 
of domestic gas demand. Areas where further work could 
improve our understanding of domestic gas demand therefore 
include all the areas mentioned in relation to electricity, 
but include also the need to address much wider and 
fundamental problems preventing a disaggregated analysis 
from being undertaken. 
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It is envisaged that such an analysis . would 
be based upon 
the same logistic principles as developed for electricity 
in Chapter Three. However, it would include a fuller 
representation of price (because of the much closer 
inter-fuel competition in space heating which accounts 
for the bulk of domestic gas demand) and it would accommodate 
changes of asymptote explicitly. When completed, the 
disaggregated model could be used as a framework for an 
aggregated study. 
Together with the disaggregated model of electricity 
demand. a comparable model for gas would go a long 
way. to providing a detailed understanding of primary 
energy use in the domestic sector. It is hoped that this 
thesis will promote such a study. 
427 
APPENDIX I 
Construction of a permanent income variable: 
The choice of the most appropriate depreciation 
scheme'. 
In the general distributed lag equation., (Al. 1) below, two 
parameters have to be set to describe households' notion of 
their long run, or permanent, level of income. The number 
of lags, 1,, approximates in a truncated series households' 
experience and expectations which span the length of a 
working life. The depreciation rate, r,.. describes the 
durability of consumers' awareness of their past income 
levels. It is not necessary that the sum of the weights should 
be unity since there is no reason why permanent income should 
be bounded by an upper constraint equal to no more than 
current income. 
Yp = yt + (1-r) yt-1 + (1-r)2 yt-2 + ....... + (1-r)k yt-k 
k 
= 
7_ (1-r)1 Yt-i (AI. 1) 
i=0 
Estimation of both the most appropriate depreciation rate 
and the most appropriate number of lags was achieved through 
a search procedure. Successive depreciation rates of 
between 0% and 50% were each used to construct a set of 
permanent income variables with lag structures of between 
1. See Chapter 3, Section 3.1 . 
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1 and 7 years in length. Each permanent income variable 
was regressed onto the stocks of appliances, j, using the 
linearised logistic form of equation (AI. 2). The regressions 
used the asymptotes, aj, produced from the analysis in 
Chapter 3, section 3.2. 
Loge aL 
- 
1! = In A- biaiYP (Al. 2) 
Sit 
The constructed permanent income variable which most 
closely approximated the observed appliance stock through 
minimising the sum of squared residuals was accepted as the 
preferred formulation. These searches were repeated for 
each lag length to determine at what lag the permanent income 
structure ceased to improve significantly its replication of 
observed ownership levels. In all over a million regressions 
were undertaken. Individual results, however, are unimport- 
ant since a relation between stocks and income alone will 
yield heavily biassed coefficients because of the omission of 
other relevant variables. 
Initial results were disappointing since the data were usually 
unable to select a non trivial value for the depreciation rate. 
The estimations were beset with problems arising from the 
construction of the permanent income variable. Geometrically 
weighting past and present incomes and then summing together 
produces a permanent income measure which can assume any 
degree of variability from an absolute minimum to the same 
amount as displayed by the current income series. The 
former case would use a depreciation rate of zero whilst the 
latter would use a depreciation rate of unity and ignore all 
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incomes arising prior to the current period. 
In cases where the dependent variable has grown fairly 
smoothly over time, with current income exhibiting a 
higher degree of variability, the process of determining 
the line of best fit biasses the permanent income series 
towards the depreciation rate which gives the smoothest 
data series, i. e. r=0. Each data point in the permanent 
income series is then equal to five times a moving average. 
Where a smoothing of the combined income series improved 
the fit to ownership levels the search procedures therefore 
followed a natural procedure to select a zero depreciation 
rate. Moreover these problems were exasperated by the 
use of a semi-logarithmic form which itself smoothed much 
of the variation contained in the original income series. 
In the limited number of cases where a non zero depreciation 
rate led to a global maximum in R2 then the search suggested 
that a depreciation rate exists which is able to account more 
fully for the way in which households have allocated their 
income towards accumulating a stock of appliances than a 
trend which smoothes the data. This situation is illustrated 
in Diagram AI. 1. Local maxima in R2 were also encountered 
in searches where the global maximum was produced by the 
trend smoothing effect. This is illustrated in Diagram Al. 2. 
DIAGRAM Al. 1. 
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A local maximum in R2 implies that one particular depreciation 
rate used to construct the permanent income variable is 
preferred to its neighbours. Since this rate does not equal 
zero, the degree of smoothing offered by this particular 
rate is not greater than some of its lower neighbours. The 
local maximum is therefore produced from an ability of the 
constructed permanent income variable to account for the 
variation in the dependent variable series over and above that 
which may be attributed to a smoothing of the data. This 
suggests grounds on which the R2 profiles can be decomposed 
into two profiles, a smoothing component and an ability to 
account for variation above a trend, Diagram Al. 3. 
DIAGRAM Al. 3. 
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When superimposed the two curves combine to a form 
similar to that in Diagram Al. 3. Support for this 
interpretation can be taken from a comparison of the fits 
to appliance ownership levels of equation (AI. 2) when 
r=o and the fits produced from the same equations when the 
permanent income variable is replaced by a time trend. 
These comparisons are made in Table Al. 1. 
TABLE Al. 1. 
Appliance 
Trend 2 
Projection R 
Income Series 
R2 at r=0 
Washing Machine 0.981 0.992 
Refrigerator 0.995 0.998 
Freezer 0.999 0.998 
Fridge Freezer 0.992 0.990 
Vacuum Cleaner 0.974 0.984 
Iron 0.916 0.966 
Kettle 0.968 0.988 
Monochrome T. V. 0.987 0.988 
Colour T. V. 0.991 0.996 
Blanket 0.991 0.988 
Cabinet Dryer 0.983 0.975 
Tumble Dryer 0.983 0.973 
Dishwasher 0.984 0.991 
In eight out of thirteen cases the R2 arising from the income 
series regression is just slightly above the $ produced from 
2 
the trend projections. In these eight cases, the income 
series is able to explain slightly more of the observed 
variation in the dependent variable even at r=0 where the 
smoothing effect dominates and attenuates the income fluct- 
uations. 
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Analysing the regression results a second time revealed 
the presence of local maxima in most of the searches. 
Adopting the criteria of maximising the explanatory power 
of the second component in the R2 profiles produced the 
non-trivial depreciation rates given in Table Al. 2. The 
average of the results is 19% and suggests that households 
give an 81% weighting to past income levels when accumulating 
these major consuming appliances. 
TABLE Al. 2 
Appliance Suggested Depreciation Rate 
0 
Washing Machine none indicated 
Refrigerator 17 
Freezer 20 
Fridge Freezer 21 
Vacuum Cleaner 18 
Iron 18 
Kettle 20 
Blanket none indicated 
Monochrome T. V. 21 
Colour T. V. 23 
Cabinet Dryer 16 
Tumble Dryer none indicated 
Dishwasher 18 
It must be noted that the depreciation rate suggested from 
the analysis does not represent a rate of physical deterior- 
ation of the appliances but rather the rate at which households 
discount past income levels when assessing their long run 
level of affluence. The former rates of physical deterioration 
will be much lower than the rates suggested in this analysis, 
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and in general there will be no direct relation between the 
two. 
However, the physical rate of depreciation will indirectly 
influence the income elasticity of demand through the 
creation of a second hand market where the appliance is 
sufficiently robust. The second hand market for 
refrigerators for example is more highly developed than 
that for colour televisions since the latter has a lower 
engineering lifetime than the former. Unfortunately the 
ownership figures used in this analysis of residential 
power demand do not make a distinction between the owner- 
ship of appliances which were purchased new and those which 
were purchased secondhand. Elasticities derived for 
permanent income therefore represent a composite of two 
income elasticities relating respectively to new and second- 
hand markets. 
The existence of a secondhand market will raise the level 
of ownership at any given level of average household income. 
Households with relatively low incomes and not able to afford 
a new appliance, may consider that they are well enough off 
to enter the secondhapd market. This will increase aggregate 
ownership and raise the estimated income elasticity above 
that which would be derived from a study of new sales. 
For appliances without a secondhand market the income 
responsiveness of ownership would be lower since sales are 
restricted to those households with incomes sufficient to 
enter the new appliance market. Other things being equal, 
derived income elasticities will be lower since they will not 
contain a supplement from secondhand sales. 
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In conclusion, the most suitable permanent income 
variable chosen from the general formulation set out 
in equation (AI. 1), is given in equation (AI. 3) 
yP = yt + (0.81) yt-1 + (0.81)2 yt-2 + (0.81) 
3 
yt-3 
+ (0.81) 
4 
yt-4 + (0.81)5Yt-5 (Al. 3) 
where, YP = real household permanent income 
yt = real household income 
0.81 = (1-r), where r=0.19 
r= depreciation rate 
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APPENDIX II 
Interpretation Of Pooled Modles And Some Necessary Adjustments 
Essentially the pooling of time series and cross sections can 
be regarded as an extension of restricted estimation 
techniques which seek to break down collinearity between 
independent variables through the introduction of extraneous 
information. The method of Restricted Least Squares (RLS) 
for example, introduces an independent estimate for one or 
more coefficients in a set of collinear regressors and confines 
estimation to those for which independent information 
is either not available or is least reliable. Denoting the 
extraneous estimate of bl as bl , the RLS model of equation 
(AII. 1), which is multicollinear, is given in equation (AII. 2). 
yt = bo + b1 X1 + b2 X2t + et (A II. 1) 
(Yt - bi X1) = bo + b2 X2t +et (AII. 2) 
The method is only valid provided that the estimate bi 
is temporally comparable with that produced from the regression 
estimation. For instance little defence could be offered for 
inserting a long run estimate of bl into a time series or for 
inserting a short run estimate of bl into a cross section. 
To do so would pose very definite problems of interpretation. 
Combining time series and cross sectional data into a pooled 
data set can achieve similar results to RLS but without the 
discreet step of introducing extraneous information. Rather, 
the cross-sections are treated as an additional source of 
variation which provide independent information to the time 
series during estimation. However the simultaneity is not 
436 
achieved without compromise. Multicollinearity cannot 
be wholly avoided using a pooled model in the same way 
that it can in a RLS model. Rather it is instead minimised 
within the model structure. In addition, the problems of 
interpreting regression coefficients in a pooled model are 
at least equal to those encountered through the direct intro- 
duction of extraneous information. Each coefficient in a 
pooled model is an unknown combination of cross sectional 
and time series effects. 
This analysis does not seek to explore the relative econometric 
merits of the covariance and error components methods, the 
two most common techniques of estimating regression 
coefficients from pooled samples of time series and cross- 
sections. Rather the study concentrates upon the appropriate 
appliaction of the pooling technique. 
Work by Stone (25) was amongst the earliest applications 
of the covariance method. The technique is equivalent to 
applying OLS to the pooled sample after two sets of dummy 
variables have been introduced to the specification to sweep 
out cross-sectional and time dependent components of the 
error term, equations (AIL 3), (AIL 4) and (AIL 5). 
Nerlove and Balestra (33) pioneered development of the 
more sophisticated error components method in which seemingly 
unrelated equations (one for each cross-section) are estimated 
using Zellner efficient techniques. After investigation, 
Kouris (53 ) concluded that the error components model 
yields no definite advantages over the simpler classical 
covariance model. Consequently the conceptually simpler 
classical model has been used as a basis for the pooled 
estimations undertaken throughout this study. 
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Yet = b0 + b1 Xljt + b2 X2jt + ..... + bn Xnjt + eft 
eft=ui +vt+Wit 
(A II. 3) 
(A II. 4) 
where, eft = composite error term. resulting 
from estimation of pooled data 
set without dummy variables. 
U. = cross-sectional effect due to difference 
between sub-samples at each time 
series observation. 
v= time dependent effect due to instability t 
of the cross-sectional relationships over 
time. 
Wit = stochastic disturbance term satisfying 
requirements of OLS. 
Yet = b0 + b1 Xljt + b2 X2jt + '**'*****+ bn Xnjt + 
c1 D1 + c2 D2 + c3 D3 +....... + ck-1 Dk-1+ 
d1T1+d2T2+d3T3+......... +d 
m-1 
T 
m-1 
+ejt' (A IL 5) 
where, D. = dummy variable taking the value I for 1 sub-sample i and Ofor all other sub-samples. 
T. = dummy variable taking the value 1 for time 
period i and 0 for all other time periods. 
k= number of sub-samples (i. e. number of 
elements to each cross-section). 
M= number of time periods. 
el 
jt" 
wjt 
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The benefits derived from pooling, of minimising the 
severity of multicollinearity and of being able to claim 
asymptotic properties of regression coefficients through 
large sample size, are not achieved without cost. Combining 
cross-sections and time series poses problems of coefficient 
interpretation which are not associated with either data set 
separately. It is clear that time series estimates have a 
tendency to reflect short run behaviour and that cross-section 
estimates reflect long run behaviour. When pooled, however, 
the interpretation of parameters is unclear. Without an 
accommodation of the heteroscedastic and autocorrelated 
components of a pooled data set, specific to the cross-section 
and time series data respectively, estimated coefficients 
cannot be identified with either short or long run behaviour. 
Conventional pooled models partly achieve identification 
through incorporation of cross-sectional and time dependent 
intercept dummy variables., (equation All. 5). However 
the assumption of constant slopes (hence constant elasticities) 
across sub-samples at each time period is severe and may 
force the classical covariance model to absorb elsewhere 
effects caused by differences between cross-section and time 
series elasticities. Indeed, the covariance model offers no 
accommodation for differences in short and long run 
elasticities since all regional and temporal heterogeneity in 
the pooled sample is assumed to lie in the autonomous elements 
of the equation. Moreover the method presumes that the 
inclusion of an intercept term in the specification is correct. 
A pooled model's success in abating the harmful effects of 
multicollinearity is drawn from the additional data variation 
incorporated through replacement of each time series 
observation with a cross section. The more physically 
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dissimilar are the elements of the cross-sections then so 
minimising multicollinearity through the extra data variation 
becomes more successful. However, the assumption of 
similarity between short and long run elasticities also 
becomes more restrictive. There is a basic need to start 
with the most general form of pooled model and to allow the 
data to suggest which assumptions are defensible, thus 
facilitating simplification of the model, and which are 
not. This more general approach has been adopted 
throughout this study by using a full pooled model, equation 
(A II. 6). 
n k-1 
Y 
3. t _b1Xl, it 
+E 
i=1 j-1 
n k-1 7- 7 fij Di Xijt + 
i=1 j-1 
M-1 
C. D. + 2: d,, < T. ý JJ . (=1 
n m-1 
i=1 .C =1 
The conventional covariance model is represented in 
the first line of equation (AII. 6) and comprises the normal 
linear regression equation (Y it 
= bi x. jt) 
and two sets of dummy variables. 
i=l 
The two summations on 
the second line describe the n (k - 1) +n (m - 1) possible 
slope dummy variables. Not all of these will be included in 
the final model but they do appear in the most general 
specification. Schematically the differences between the 
classical covariance model and the variation used in this 
analysis are shown in the diagrams which follow. 
(; AII. 6) 
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DIAGRAM AII. 1. 
Y 
bi Xijt 
i=1 
X., t= fixed 
i 
Supposing that equation (AII. 5) has six elements to each 
cross-section (K = 6), the addition of five regional intercept 
dummy variables would compress all six curves onto the 
same line (Diagram All. 2. ). Further adding time intercept 
dummy variables produces (under the assumption of common 
slopes) a regionally and temporally stable equation (Diagram 
AII. 3). 
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Y 
DIAGRAM All. 2 
x. + e. D 
ýt j_1 
Xi, t= fixed 
Y 
DIAGRAM AII. 3. 
k-1 
ibiXijt+ 
C. Dj+ 
J-1 
öC. Td. 
Xi, for all t 
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Relaxing the assumption of common slopes produces, 
instead of Diagram All. 1 Diagram All. 4. Introducing 
regional intercept dummies partly condenses the equations 
(Diagram All. 5) but it is not until the differential slope 
terms are introduced that the data is finally condensed to. 
one curve, (Diagram All. 6). Repeating for the temporal 
variation gives equation (AII. 6) which is illustrated in 
Diagram All. 7. 
DIAGRAM A II. 4. 
Y 
bi xijt 
i-1 
X., t= fixed 
i 
DIAGRAM All. 5. 
Y 
n kc-1 
bX. +LCD 
i=1 1 iJt j-1 
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xis t=fixed 
DIAGRAM All. 6. 
Y 
c=t1 
n k-1 
i =1 jcl 
DIAGRAM AIL 7. 
k-1 
bi Xijt +T Cj Di 
j=1 
f13 Di Xijt 
X., t= fixed 
i 
k-1 
bi Xijt + 
`" 
Cj Di 
j=1 
n k-1 
dd TT +Z fij Dj Xijt 
i=1 j=1 
1 
ý=1 
god ToCXijaC 
Xi , for all t 
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Estimations in the main text have retained in the 
final form of the full pooled model only those intercept 
and slope dummy variables which were shown to be 
significant at the 5% level. None of the pooled logistic 
models showed any temporal instability. This is under- 
standable in view of the attention which has already been 
given to identifying the correct dynamic framework within 
which to conduct a study of durables ownership. In models 
where it did not prove possible to employ the logistic form 
(the general electricity model of Chapter 4 and the gas model 
of Chapter 5) significant time dummy variables are included 
in the final model form. 
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APPENDIX III 
DATA 
This appendix contains the data upon which the 
empirical work of chapters two to six is based. 
The data is divided into three sections and gives 
separately the data used for the disaggregated 
electricity model, the aggregated electricity 
model and the aggregated gas model. The ordering 
of tables in each section reflects the sequence in 
which the various data have been used. Data are 
presented either in original form with explanatory 
notes on any adjustments that have been made prior 
to use or directly in adjusted form, again with 
explanatory notes where appropriate. 
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SECTION 1: 
DATA FOR DISAGGREGATED ELECTRICITY MODEL 
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Table I- Appliance Ownership Levels 
(Proportion of Consumers Owning - %) 
Year Freezers Kettles Iron. Vacuum 
Cleaners 
Mono 
T. V. 
Colour 
T. V 
1963 0.1 38.0 92.5 77.0 86.3 
1964 0.2 40.7 92.8 77.7 88.2 
1965 0.3 44.2 93.0 78.4 89.0 
1966 0.5 46.7 93.1 80.1 89.7 " 
1967 0.7 48.0 94.8 81.1 91.2 - 
1968 1.1 51.7 95.6 82.2 92.4 0.1 
1969 1.7 53.0 96.0 83.0 93.4 0.6 
1970 2.5 55.2 96.3 83.9 93.4 1.6 
1971 3.5 57.7 96.6 84.5 91.9 3.6 
1972 5.8 59.6 97.0 85.3 86.8 9.4 
1973 8.0 65.3 97.5 88.7 77.7 18.8 
1974 10.8 68.2 97.9 89.5 65.7 31.0 
1975 13.3 70.4 97.0 90.2 55.5 41.5 
1976 17.0 71.9 96.6 90.6 50.0 47.5 
1977 21.0 72.0 95.8 91.1 43.8 54.0 
Source: Electricity Council Domestic Sector Analysis (S) 
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Table l! Appliance Ownership Levels 
( proportion of Consumers Owning - %) 
Year Cookers Washing 
Machines 
Clothes 
Dryers 
Dish- 
Washers 
Refrig- 
orators 
Fridge 
Freezers 
1963 31.5 48.6 7.9 0.5 32.0 - 
1964 32.0 53.1 9.1 0.5 35.9 - 
1965 33.0 55.2 9.9 0.6 39.0 
1966 34.6 58.6 10.6 0.7 43.5 0.1 
1967 34.6 60.3 10.6 0.8 46.5 0.2 
1968 35.2 62.0 10.8 0.9 50.7 0.5 
1969 36.0 62.5 10.8 1.0 54.0 0.8 
1970 37.0 63.0 10.4 1.1 57.6 1.1 
1971 38.1 65.3 8.9 1.3 61.4 1.5 
1972 39.8 65.6 8.6 1.6 64.0 2.0 
1973 40.6 66.9 9.1 1.8 68.0 3.0 
1974 41.0 68.8 9.4 1.9 71.7 4.0 
1975 41.1 70.1 9.8 2.2 75.1 5.6 
1976 41.3 71.5 11.0 2.4 75.2 8.5 
1977 41.8 72.9 12.3 2.5 75.4 10.8 
Source: Electricity Council Domestic Sector Analysis (5) 
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Table I. Appliance Ownership Levels 
(Proportion of Consumers Owning _%) 
Year Blankets 
mater 'Heating 
Unrestricted Off-Peak 
1963 33.0 40.7 0.1 
1964 36.8 42.5 0.3 
1965 ! 38.6 44.9 0.5 
1966 43.8 47.3 0.8 
1967 44.7 50.2 1.0 
1968 47.4 52.9 1.5 
1969 48.3 54.0 1.8 
1970 49.2 55.2 2.2 
1971 49.6 55.4 2.9 
1972 49.9 59.5 3.5 
1973 50.2 60.1 4.4 
1974 49.7 60.0 5.1 
1975 48.8 60.9 5.5 
1976 48.2 61.6 5.7 
1977 45.7 62.2 5.9 
Source: Electricity Council Domestic Sector Analysis (5) 
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Table 'l: Appliance Ownership Levels 
(Proportion of Consumers Owning -%) 
Year Space Heating 
Unrestricted Off-Peak 
1963 69.0 0.5 
1964 73.0 0.9 
1965 76.0 1.7 
1966 78.1 2.5 
1967 81.1 3.2 
1968 82.1 4.3 
1969 82.1 5.4 
1970 82.1 6.6 
1971 83.1 7.8 
1972 85.2 8.9 
1973 83.3 10.1 
1974 82.4 11.0 
1975 79.4 11.8 
1976 74.5 12.6 
1977 72.5 11.5 
Source: Electricity Council Domestic Sector Analysis (5) 
451 
Table 2: Average Annual Consumptions Of Appliances 
Per Consumer Owning (kWh) 
Water H eatin Space Hea ting 
Year Unrestricted Off-Peak Unrestricted Off-Peak 
MW kWh 
1963 1980 2800 1142 319 1492 
1964 1960 2800 1168 622 1503 
1965 1940 2800 1094 1239 1458 
1966 1920 2800 1039 1873 1472 
1967 1880 2800 959 2598 1470 
1968 1840 2728 896 3412 1533 
1969 1800 2713 888 4335 1516 
1970 1760 2697 862 5788 1459 
1971 1720 2617 885 7101 1420 
1972 1680 2517 855 8663 1378 
1973 1640 2420 814 10200 1391 
1974 1600 2341 789 11885 1278 
1975 1570 2293 756 13793 1047 
1976 1535 2215 455 13807 901 
1977 1500 2160 237 13305 806 
1. Utilisation data for off-peak space heating is given in more detail 
than for other appliances. Data shows the total installed off-peak 
space heating load and the average number of kWh used per annum per kW 
of installed load. Together with ownership levels, these data can be 
combined to give data on the average annual consumption per consumer 
owning. 
Source: Electricity Council Domestic Sector Analysis (5) 
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Table 2: Average Annual Consumptions Of Appliances 
Per Consumer Owning (kWh) 
Year Freezers Kettles Irons Vacuum 
Cleaners 
Mono 
T. V 
Colour 
T. V. 
1963 1000 250 75 20 250 - 
1964 1000 250 75 20 250 - 
1965 1000 250 75 20 250 - 
1966 1000 250 75 20 250 
1967 1000 250 75 20 250 - 
1968 1000 250 75 20 250 500 
1969 1000 250 75 25 250 500 
1970 1000 250 75 25 250 500 
1971 1000 250 75 25 250 500 
1972 1000 250 75 25 250 500 
1973 1000 250 75 25 250 500 
1974 1000 250 75 25 250 500 
1975 1000 250 75 25 250 500 
1976 1000 250 75 25 250 500 
1977 1000 250 75 25 250 475 
Source: Electricity Council Domestic Sector Analysis (5) 
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Table 2. Average Annual Consumption Of Appliances 
Per Consumer Owning (kWh) 
Year Cookers 
Washing 
Machines 
Clothes 
Dryers 
Dish 
Washers 
Refriger" 
ators 
Fridge 
Freezers 
1963 1250 100 400 850 350 " 
1964 1250 100 400 850 325 - 
1965 1250 100 400 850 325 " 
1966 1250 125 400 850 325 500 
1967 1225 125 400 850 300 500 
1968 1200 150 400 850 300 525 
1969 1175 150 400 850 300 525 
1970 " 1175 175 410 850 300 550 
1971 1150 175 420 850 300 550 
1972 1150 200 425 850 300 575 
1973 1100 200 430 850 300 575 
1974 1050 200 440 850 300 600 
1975 1000 200 450 850 300 600 
1976 1000 200 460 850 300 600 
1977 1000 200 470 850 300 600 
Source: Electricity Council Domestic Sector Analysis (5) 
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Table 2: Average Annual Consumptions Of Appliances 
Per Consumer Owning (kWh) 
Year Blankets Lighting 
Sundry 
Appliances 
1963 60 240 70 
1964 60 240 70 
1965 60 250 70 
1966 60 250 70 
1967 60 260 75 
1968 60 265 80 
1969 60 275 90 
1970 60 290 100 
1971 60 310 110 
1972 60 325 120 
1973 60 330 125 
1974 60 330 125 
1975 60 330 125 
1976 60 330 125 
1977 60 330 125 
Source: Electricity Council Domestic Sector 
Analysis (5). 
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Table 3" Personal Disposable Income 
(£ per annum, constant 1970 prices) 
Year f 
1957 459 
1958 466 
1959 489 
1960 516 
1961 532 
1962 529 
1963 550 
1964 568 
1965 579 
1966 590 
1967 596 
1968 606 
1969 611 
1970 631 
1971 633 
1972 681 
1973 724 
1974 731 
1975 716 
1976 706 
1977 687 
Source: Economic Trends. 1981 Edition Table 45. 
Figures have been divided by the Retail 
Price Index given in Table (4) 
Figures adjusted as in note (1). 
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Table 4: Retail Price Index 
(all items, 1970=100) 
Year Index 
1957 64.3 
1958 66.1 
1959 66.5 
1960 67.2 
1961 69.4 
1962 72.4 
1963 73.8 
1964 76.2 
1965 79.9 
1966 83.1 
1967 85.1 
1968 89.1 
1969 93.9 
1970 100.0 
1971 109.4 
1972 117.1 
1973 127.8 
1974 148.3 
1975 184.2 
1976 214.7 
1977 248.6 
Source: Economic Trends 1982 Edition. Tables 114-117. 
Annual figures have been averaged from quarterly 
figures and converted from a base year of 1975. 
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Table 5: Consumer Credit 
(£ million, constant 1970 'prices) 
Year Total New Credit 
Extended 
Total Debt 
Outstanding 
1963 1953 1299 
1964 2272 1680 
1965 2183 1735 
. 1966 
1745 1580 
1967 1828 1496 
1968 1844 1480 
1969 1690 1383 
1970 1775 1383 
1971 1861. 1525 
1972 2208 1885 
1973 2227 1995 
1974 1691 1609 
1975 1618 1288 
1976 1670 1265 
1977 1767 1344 
Source: Annual Abstract Of Statistics. 
1968, Table 360, page 320 
1977, Table 17.25, page 432 
1982, Table 17.25, page 436 
Figures have been divided by the Retail 
Price Index given in Table 
(4) 
Figures have been adjusted as in note (2) 
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Table 6: Consumers Expenditure On Durable Household 
Goods (£m, constant 1970 prices) 
Year Expenditure 
1963 1190 
1964 1241 
1965 1264 
1966 1229 
1967 1283 
1968 1383 
1969 1335 
1970 1397 
1971 1522 
1972 1856 
1973 2173 
1974 1975 
1975 1960 
1976 2065 
1977 1941 
Source: Economic Trends, 1982 Edition, Table 25. 
Figures have been divided by the durable 
price index given in Table 
(7) Figures 
adjusted as in note (3). 
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Table 7: Price Index For Household Durables 
(1970 = 100) 
Year Index 
1963 79.4 
1 
1964 81.2 
1965 83.2 
1966 85.1 
1967 86.5 
1968 89.8 
1969 93.9 
1970 100.0 
1971 107.5 
1972 111.5 
1973 118.0 
1974 135.6 
1975 164.8 
1976 181.2 
1977 209.5 
Source: Annual Abstract of Statistics, 
1974, Table 419, page 450 
1982, Table 18.1, page 457. 
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Table 8. Price Index For Discretionary Household Expenditure 
(1970 = 100) 
Year Index 
1963 72.8 
1964 75.6 
1965 80.8 
1966 84.0 
1967 86.1 
1968 88.9 
1969 94.8 
1970 100.0 
1971 107.9 
1972 113.9 
1973 124.2 
1974 
. 142.8 
1975 175.8 
1976 204.8 
1977 236.0 
Source: Annual Abstract of Statistics. 
1977, Table 18.2, page 457. 
1982, Table 18.1, page 457. 
Index derived using note (4). 
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Table 9: Ownership of Full Or Part Central Heating 
(proportion of households - %) 
Year I Ownership (%) 
1969 25.1 
1970 29.6 
1971 32.2 
1972 37.4 
1973 38.5 
1974 43.0 
1975 46.7 
1976 47.1 
1977 50.8 
Source: Annual Abstract of Statistics. 
1982, Table 15.6, page 371. 
Figures are not available before 1969. 
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Table 10: Stocks of Central Heating Equipment 
(SLmillion, constant 1970 prices) 
Year Equipment Stocks 
1963 203.0 
1964 258.4 
1965 333.3 
1966 404.6 
1967 480.2 
1968 551.3 
1969 616.4 
1970 663.1 
1971 723.1 
1972 789.7 
1973 858.8 
1974 893.6 
1975 916.7 
1976 928.9 
1977 
1 
943.4 
Source: Department of Energy estimates 
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Table 11: Population of United Kingdom 
(thousands) 
Year 
I 
Population 
1957 51430 
1958 51652 
1959 51956 
1960 52372 
1961 52807 
1962 53274 
1963 53552 
1964 53885 
1965 54218 
1966 54500 
1967 54800 
1968 55049 
1969 55263 
1970 55421 
1971 55610 
1972 55781 
1973 55913 
1974 55922 
1975 55901 
1976 55886 
1977 55852 
Source: Annual Abstract of Statistics. 
1981, Table 2.1, page 7. 
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Table 12: Numbers Of Persons Per Household 
Year Number 
1963 3.02 
1964 3.06 
1965 2.96 
1966 3.03 
1967 3.00 
1968 2.96 
1969 2.96 
1970 2.946 
1971 2.899 
1972 2.917 
1973 2.824 
1974 2.834 
1975 2.812 
1976 2.748 
1977 2.763 
Sour ce: Annual Abstract of Statistics. 
1974, Table 399, page 323 
1982, Table 15.5, page 370 
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Table 13: Price Indices For Gas and Electricity 
(1970 = 100) 
Year Gas Electricity 
1963 83.3 . 76.7 
1964 86.5 78.1 
1965 87.3 84.3 
1966 89.7 87.0 
1967 90.5 93.2 
1968 96.8 99.3 
1969 100.8 99.3 
1970 100.0 100.0 
1971 108.7 f 110.3 
1972 115.1 117.8 
1973 115.9 119.9 
1974 122.2 146.6 
1975 141.3 211.6 
1976 173.0 263.7 
1977 200.8 300.7 
Source: Digest of United Kingdom Energy Statistics. 
1977, Table 79, page 115 
1982, Table 64, page 99 
Figures have been converted from various 
base years to 1970. 
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Notes on Tables 
Note (1) Figures for disposable household income are 
obtained by multiplying figures in the table by 
the average number of persons per household as 
given in Table 12. 
Note (2) Figures for total new credit and total debt 
outstanding per household are obtained by dividing 
the national totals by population figures given 
in Table 11 and multiplying by the average number 
of persons per household, given in Table 12. 
Note (3) Figures for durables expenditure per household are 
obtained by dividing data in the table by population 
figures given in Table 11 and multiplying by the 
average number of persons per household as given 
in Table 12. 
Note (4) The price index for discretionary household 
expenditure is the arithmetic mean of price indices 
for alcoholic drink, tobacco, clothing and footwear, 
services and meals bought and consumed outside 
the home. Data for meals purchased outside of the 
home are only available from 1968. Prior to that 
the price index for discretionary expenditure is an 
average of the first four price indices only. All the 
price indices have been converted from various base 
years to a 1970 base. 
Note (5) Figures given in the table have been used to 
construct degree month figures by subtracting 
the mean air temperatures from 15.5 and summing 
over 12 months. 
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SECTION 2: DATA FOR AGGREGATE ELECTRICITY MODEL 
The following tables give the data used in the estimation 
of the aggregate electricity models. The tables each 
use the abbreviations below for area electricity Boards. 
Abbreviation 
L 
SE 
S 
SW 
Area Board 
London 
South Eastern 
Southern 
South Western 
E Eastern 
EM East Midlands 
M Midlands 
SW South Wales 
MNW ManWeb 
Y Yorkshire 
NE North Eastern 
NW North Western 
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Table 12 
Retail Price Index 
(1975 = 100) 
Year Index 
1972/73 64.8 
1973/74 71.6 
1974/75 84.3 
1975/76. 105.1 
1976/77 121.2 
1977/78 138.1 
1978/79 149.6 
Source: Economic Trends 1982 Edition 
Table 117. (Annual figures produced 
from as the average of the quarterly 
figures given). 
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Note (1) 
Data in this table have been used to derive the average 
off-peak electricity consumption per off-peak consuming 
household and, together with the previous table showing 
average total electricity consumption per domestic 
consumer, average unrestricted sales per household. 
Off-peak sales per consumer are derived by dividing 
data in the table by the numbers of off-peak consumers 
given in Table 10. Unrestricted sales per household have 
been derived from the equations (i) and (ii) below. 
ACONt 
N Nt = ACONtNt_ - ACONR'. NR ii) 
ACONt 
N= ACONt - ACON'. NtR (ii) 
Nt 
where 
UN 
= unrestricted electricity sales per 
household 
ACONt = total electricity sales per household 
ACONR' = off-peak electricity sales per consumer 
Nt = number of domestic electricity consumers 
Ný = number of consumers taking off-peak 
supplie s 
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Note (2) 
Data are not available directly on household income by 
Area Electricity Board. Estimates have therefore been 
constructed from the data which are available showing 
household income by Standard Region of the Registrar 
General. Approximations which have been used are the 
following. 
Electricity Area Approximation 
(in terms of Standard Region) 
L GL C 
SE South East 
S 'Rest' (Greater London Area 
less GLC) 
SW South West 
E East Anglia 
EM East Midlands 
M West Midlands 
SW Wales 
MNW Average of North West and Wales 
Y North East 
NE Average of North and North East 
NW Average of North and North West 
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Note (3) 
Data given in this table (750 kWh per annum) have 
been used as the 'base price' variable. Prices 
shown for each Area Board have been approximated 
from data given in the Digest of United Kingdom Energy 
Statistics for individual towns. The approximations 
which have been used are given below. 
Area Board Town 
London London 
South Eastern Brighton 
Southern Portsmouth 
South Western Plymouth 
Eastern Ipswich 
East Midlands Nottingham 
Midlands Birmingham 
South Wales Cardiff 
Manweb Liverpool 
Yorkshire Leeds 
North Eastern Newcastle 
North Western Manchester 
0 
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Note (4) 
These price data have been used in conjunction with the 
average consumption data given in Table 13 
to derive the average price discount term shown in equation 
(4.43). The equation also uses price data for consumption 
at 7500 kWh per annum which are not available directly. 
Price data for this consumption level have been interpolated 
from data for consumption levels of 5000 kWh and 
10000 kWh. 
TTT 
APDS. 
it rw 
= 
E. (ARjt (C) - BPjt)(C-750) (4.43) 
T A CON 
where C= 750,2500,5000,7500 and 10,000 kWh 
per annum 
T 
APDSjt = average price discount (%) 
ARS (C) = average price for consumption of C 
per annum (pence per kWh). 
BPS = average price for consumption of 750 kWh 
per annum (pence/kWh). 
ACONýt = average consumption per domestic 
consumer per annum (kWh). 
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SECTION 3: DATA FOR AGGREGATE GAS MODEL 
Glossary Of Terms : Gas Data 
Abbreviation Gas Regions 
S Scotland 
N Northern 
NW North Western 
NE North Eastern 
EM East Midlands 
WM West Midlands 
W Wales 
E Eastern 
NT North Thames 
SE South Eastern 
S Southern 
SW South Western 
6 
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Table 11: Sales of Gas Laundry Appliances. Direct and Estimated Indirect Sales 
(thousands) 
Year S N NW NE EM WM W1 E NT SE S SW 
66/ 67 2.0 3.2 2.0 1.8 4.7 5.5 1.5 2.1 3.6 3.2 3.7 2.1 
67/ 68 1.1 2.6 2.0 1.7 4.9 4.6 1.3 2.0 3.2 2.5 3.0 1: 9 
68/69 0.6 1.6 1.5 1.2 3.6 3.1 0.9 2.0 2.6 2.1 2.2 1.3 
69/70 0.7 1.0 1.1 0.9 2.4 1.8 0.8 1.7 2.0 1.7 1.8 1.2 
70/11 0.7 0.9 0.8 0.7 2.1 1.1 0.5 1.4 1.4 1.5 1.0 1.0 
71/72 0.3 0.5 0.5 0.5 1.4 0.9 0.3 0.9 0.9 1.0 0.8 0.9 
72/73 0.0 0.3 0.0 0.6 1.3 0.2 0.0 0.3 0.0 0.0 0.8 0.3 
73/74 0. C 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.5 1.0 
74/75 0.0 0.0 0.0 1 
0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 
75/ 76 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
76177 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7. /78 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
78/79 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 
Source: British Gas Annual Report and Accounts. Financial Years 1966/67 
to 1978/79. Appendix II. Adjusted jusing note (1). 
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Table 13 
Average Annual Gas Consumptions Of 
Various Appliances (therms) 
Central Heating Average Annual Consumptions 
Boiler 770 
Back Boiler 510 
Warm Air 440 
Space Heaters 
Main Room 200 
Other 80 
Water Heaters 
Circulator 170 
Multiple point/ bath 140 
Sink 40 
Cookers 80 
Others 20 
Source: Price Commission Report on British Gas 
Corporation - Gas Prices and Allied Charges, 
Page 54. Published July 1979. 
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Table 16 
General Index Of Retail Prices 
(1975 = 100) 
Year Q 
All items Year Q 
All items 
unadjusted unadjusted 
1966 1 44.3 1974 1 75.2 
2 45.1 2 79.7 
3 45.3 3 81.7 
4 45.6 4 85.4 
1967 1 45.9 1975 1. 90.5 
2 46.3 2. 99.1 
3 46.0 3 103.4 
4 46.6 4 107.0 
1968 1 47.2 1976 1 110.9 
2 48.4 2 114.9 
3 48.6 3 117.6 
4 49.2 4 123.0 
1969 1 50.2 1977 1. 129.2 
2 51.0 2 134.9 
3 51.1 3 137.0 
4 51.7 4 139.0 
1970 1 52.7 1978 1 141.4 
2 54.0 2 145.3 
3 54.6 3 147.8 
4 55.7 4 150.3 
1971 1 57.2 1979 1 155.0 
2 59.3 2 160.7 
3 60.1 3 171.4 
4 60.8 4 17 6.2 
1972 1 61.8 1980 1 184.6 
2 62.9 2 195.3 
3 64.0 3 199.4 
4 65.5 4 203.2 
1973 1 66.7 
2 68.8 
3 69.9 
4 72.3 
Source: Economic Trends (1982 Edition). Table 116. 
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Note (2) 
The composite stock variable is constructed by adding the 
multiples of direct and estimated indirect sales of each 
appliance with their average annual gas consumption. 
Sales figures have first been expressed per 1000 consumers 
so as to produce a variable representing the rate of load 
acquisition independently from the numbers of consumers in 
each region. Equation (5.2) in Chapter Five describes the 
composite term, 
A Sit, as below. 
"Q Sit =' 
(Skit Rk) (5.2) 
k 
where" . Skjt = sales of appliances 
k in region j 
per thousand customers. k= wet central 
heating. warm air central heating, space 
heaters, water heaters. cookers, refrigerators 
and laundry appliances. 
Rk = average annual consumption of gas per 
appliance k, (therms). The same estimate 
is used for all regions and for each year of 
the sample period. 
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Note (3) 
Data are not available on household income by BGC Region. 
It was therefore necessary to approximate data for each of 
the regions with income data prepared by Standard Region 
of the Registrar- General. The approximations made are 
listed below. 
BGC Region Registrar General Regions 
Scotland Scotland 
Northern Northern 
North Western North Western 
North Eastern Yorkshire & Humberside 
East Midlands East Midlands 
West Midlands West Midlands 
Wales Wales 
Eastern East Anglia 
North Thames GLC Area 
South Eastern South East 
Southern Rest of South excluding 
GLC Area 
South Western South West 
Data for real disposable permanent household income were 
constructed using the equation (AI. 3) in Appendix I. 
0 
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Note (4) 
Degree months, each being equal' to thirty degree days, 
have been constructed to a base temperature of 15.5°C 
according to Department of Energy and Meterological 
Office principles. Towns chosen to represent the BGC 
regions were as follows: 
BGC Region Met. Office Station 
Scotland Edinburgh 
Northern Newcastle 
North Western Manchester 
North Eastern Leeds 
East Midlands Nottingham 
West Midlands Birmingham 
Wales Cardiff 
Eastern Ipswich 
North Thames London 
Southern Portsmouth 
South Eastern Brighton 
South Western Plymouth 
517 
Note (5) 
Data given in the table refer to the average price paid 
per therm for annual consumption of 80 therms. Data 
are not available specifically for BGC Regions and the 
following approximations have been made from the 
Digest of UK Energy Statistics data. 
BGC Region Representative Town 
Scotland Aberdeen 
Northern Newcastle 
North Western Liverpool 
North Eastern Leeds 
East Midlands Nottingham 
West Midlands Birmingham 
Wales Cardiff 
Eastern Ipswich 
North Thames London 
Southern Portsmouth 
South Eastern Brighton 
South Western Plymouth 
0 
518 
Note (6) 
Average price discount is defined by equation (5.14) 
in Chapter Five as below. 
ý(ARjt(C) 
- BPit)(C-80) 
APDSjt AC. 
(5.14) 
, fi 
t 
where, C= 80,250,400 and 800 therms per year. 
ARjt(C) = average price per therm for consumption 
of C per year. 
BPjt = average price per therm for consumption 
of 80 therms per year. 
ACjt = average annual consumption of gas 
per domestic consumer in region J. 
Constituent price data in (5.14) has been adjusted using 
note (5). 
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Note (7) 
Data given in the table for each region in each year are the 
average price of gas per therm at consumption levels 
higher than recorded, i. e. , the prices are the average 
price of marginal gas. For example, if consumption 
were 350 therms per year the marginal price data gives 
the average price of consumption of 400 therms per year. 
Similarly consumption of 700 therms per year would 
give a marginal price reflecting consumption of 800 therms 
per year. Choice of the marginal price is limited by 
data available in the Digest of UK Energy Stats. Data 
have again been approximated to BGC regions as in 
note (5). 
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Note (8) 
Even though Gas Regions and Electricity Area Boards 
do not coincide closely, the majority contain the same 
main population centres as the counterpart gas or 
electricity Board. Where this has been the case, 
average price data for particular Area Boards has been 
used directly to approximate electricity prices in the 
corresponding Gas Region. In remaining cases the 
approximations below have been used. 
BGC Region Electricity Board Approximation 
Scotland Weighted average of SSEB and NSHEB 
Northern Weighted average of NEEB and NWEB 
North Western Weighted average of NWEB and MANWEB 
North Eastern Weighted average of NEEB and YEB 
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Note (1) 
Sales of appliances from outlets other than BCG 
showrooms has had to be estimated as the Society of 
British Gas Industries were unwilling to make available 
their figures for this study. British Gas Corporation 
estimate that on a national basis the Corporation's sales 
have been just over a quarter of the total gas-fired wet 
central heating market and have declined over the sample 
period from about half to a quarter of warm air system 
sales. Although only rough approximations, the 
inavailability of sales data for indirect sales provided no 
alternative but to use the BGC estimates to adjust for indirect 
appliance sales. Figures for appliances other than central 
heating boilers have been adjusted using the wet system 
adjustment. 
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Note (9) 
Housing stock data for BGC regions has been approximated 
from data arranged by major conurbation of the Registrar 
General's Standard Regions. Using separate conurbations 
enabled close approximations to be made to BGC regions 
although small differences remain for the South and 
South East. 
522 
BIBLIOGRAPHY 
(1) Chapman, C. , An Economic Analysis of the 
Demand For Energy in the United Kingdom 
Domestic Sector. , Department of Energy, 1978. 
(2) Varey, T. , The Demand For Liquid Fuels in the 
U. K. , Shell Internal Document, 1977. 
(3) Probert, W. , The Marketing of Frigg Gas. , 
Comm. 991, The Institute of Gas Engineers, 
London. 
(4) Lebanon, A. , The Household Demand For Energy 
and Fuels in OECD Countries, , European Economic, 
Review, April 1977. 
(5) Anscomb, A. , Domestic Sector Analysis, 
1932/ 33 to 1976/77 (England and Wales)., 
The Electricity Council EF61.2. November 1977. 
(6) Balestra, P.. The Demand for Natural Gas in the 
United States. A Dynamic Approach for the 
Residential and Commercial Market. , North Holland 
Publishing Company 1967. 
(7) Jorgenson, D. , Consumer Demand for Energy. , 
In; International Studies of the Demand for Energy. , 
Nordhaus, D. (ed. ), North Holland Publishing 
Company, 1977. 
(8) Pindyck, R. , International Comparison of the 
Residential Demand for Energy. , European 
Economic Review, 13,1980. 
523 
(9) Christensen, L. , Jorgenson, D. and Lau, L. , 
Transcendental logarithmic utility functions, 
American Economic Review 65, No. 3 (June) 1975. 
(10) Waverman, L. , Estimating the Demand 'for Energy; 
Heat Without A. Light. , Energy Policy No. 5,1977. 
(11) Carey, M., A Long Term Programming Model of 
the U. K: Energy Sector. B45,1978, University 
Forecasting Methodology Energy Paper No. 29. , 
H. M. S. 0. , 1978. 
(12) Halvorsen, R. , Residential Demand for Electric 
Energy. , Review of Economics and Statistics, 
1975. 
(13) Nelson, J. , The Demand For Space Heating Energy. 
Review of Economics and Statistics, 1974. 
(14) Bloch, F. , Residential Demand For Natural Gas. 
Research Memorandum No. 210, Princetown 
University 1977. 
(15) Taylor, L. , The Demand for Energy: A Survey of 
Price and Income Elasticities. , In; International 
Studies of the Demand for Energy. , Nadhans, D. (ed), 
North Holland Publishing Company, 1977. 
(16) Kerry Smith, V. , Estimating the Price Elasticity 
of U. S. Electricity Demand. , Energy Economics, 
April 1980. 
(17) Wilson, J. , Residential Demand for Electric Energy. , 
Review of Economics. and Statistics, 1971. 
(18) Hirst, E. and Jackson, J. , Energy Demand and 
Conservation in U. S. Residential and Commercial 
Buildings. , Energy Policy September 1979. 
524 
(19) Chern, W. , Demand and Conservation of 
End-Use and Primary Energy in the Residential 
and Commercial Sectors. , Energy Systems 
and Policy, Volume 2, No. 3,1978. 
(20) Department of Energy, Energy Forecasting 
Methodology, H. M. S. 0. , 1978. 
(21) Atkinson, S. , Responsiveness to Time-Of-Day 
Electricity Pricing. , Journal of Econometrics, 
9,1978. 
(22) Lawrence, A. and Braithwait, S. , The Residential 
Demand For Electricity With Time-Of-Day 
Pricing. , Journal of Econometrics, 9,1979. 
(23) Taylor, L. , On Modelling the Residential Demand 
For Electricity by Time-Of-Day. , Journal of 
Econometrics. 9,1979. 
(24) Granger, C. , Engle, R. , Ramanathan, R. and 
Anderson, A. , Residential Load Curves and 
Time-Of-Day Pricing. , Journal of Econometrics, 
9.1979. 
(25) Stone, R. , Linear Expenditure Systeme and 
Demand Analysis. An Application to the Pattern 
of British Demand, The Economic Journal, 64, 
1954. 
(26) Ruffel, R. , Measurement of Own-Price Effects 
on the Household Demand For Electricity. , 
Applied Economics, 10,1978. 
(27) Uri, N. , Price Expectations and the Demand For 
Electric Energy. , Energy Systems and Policy, 
Volume 3, No. 1,1979. 
525 
(28) Uri, N. , The Demand For Electrical Energy 
By Agriculture in the U. S. A. , Energy Economics, 
January, 1979. 
(29) Parhizgari, A. and Davis, P. , The Residential 
Demand For Electricity: A Variant Parameters 
Approach. , Applied Economics, 10,1978. 
(30) Murray, N. , Spann, R. , Pulley, L. and 
Beauvis, E. ,.. The Demand For Electricity in 
Virginia. , Review of Economics and Statistics, 
1978. 
(31) Baughman, M. and Joskow, L. , Energy Consumption 
and Fuel Choice by- Residential and Commercial 
Consumers in the United States. , Energy Systems 
and Policy, Volume 1, No. 4,1976. 
(32) Berndt, E. , and Watkins, G. , Demand For Natural 
Gas: Residential and Commercial Markets in 
Ontario and British Columbia. , Canadian Journal 
of Economics, February 1977. 
(33) Balestra, P. and Nerlove, M. , Pooling Cross 
Section and Time Series Data in the Estimation of 
a Dynamic Model: The Demand For Natural Gas. 
Econometrica, 34,1966. 
(34) Houthakker, H. and Taylor, L. , Consumer Demand 
in the United States. , 2nd ed. , Cambridge: Harvard 
University Press, 1972. 
(35) Betancourt, R. , An Econometric Analysis of 
Electricity Demand in the Short Run. , Energy 
Economics, Volume 3, No. 1,1981. 
526 
(36) Bossert, R. , The Logistic Growth Curve 
Reviewed, Programmed and Applied to 
Electric Utility Forecasting. , Technological 
Forecasting and Social Change, 1977. 
(37) Marris, R. , The Economic Theory of Managerial 
Capitalism, Macmillan, London 1967. 
(38) Hawdon, D. and Tomlinson, M. , Modelli di 
Domanda di Energia per Stati Uniti e Regno Unito. , 
Energia, 3,1981. 
(39) Brookes, L. , Seminar On: The Electrification of 
Society. , Cambridge, May 1978, A reply. 
(40) Galbraith, J. , The Affluent Society. , Houghton 
Mifflin, Boston Mass.. 1958. 
(41) Pyatt, F. , Priority Patterns and the Demand For 
Household Durable Goods. , Cambridge University 
Press, London 1964. 
(42) Cramer, J. , Empirical Econometrics, North Holland, 
Amsterdam, 1969. 
(43) Duesenberry, J. , Income, Saving and the Theory 
of Consumer Behaviour. , Harvard University Press, 
Cambridge, Mass. , 1949. 
(44) Harberger, A. , The Demand For Durable Goods, 
University of Chicago Press, Chicago, 1960. 
(45) Burstein, M. , The Demand For Household 
Refrigeration. , in Harberger, A. , op. cit. 
X27 
(46) Needleman, L. , The Demand For Domestic 
Appliances. , National Institute Economic Review, 
No. 12, November 1960. 
(47) Boley, T. , Load Forecasting Methods and Procedures 
in the Electricity Supply Industry. , The Electricity 
Council EF67, October 1974. 
(48) Derken and Rombouts, The Demand For Bicycles 
in Holland. , Econometrica 5,1937. 
(49) Tzanetis, E.. The Demand For Petrol in 
The United Kingdom. , Unpublished Ph. D. Thesis, 
University of Surrey, 1977. 
(50) Kelejian, H. and Oates, W. , Introduction to 
Econometrics. , Harper International, 1974. 
(51) Kaitsoyannis, A. , Theory of Econometrics, 
Macmillan, 1973. 
(52) Surrey, M. º An Introduction to Econometrics. , 
Oxford University Press, 1974. 
(53) Kouris, G. , The Demand For Oil in 
EEC Countries. , Unpublished Ph. D. Thesis, University of Surrey, 1976. 
(54) Johnston, J. , Econometric Methods. , McGraw-Hill, 
New York, 1963. 
(55) Robinson, C. , Business Forecasting. , Thomas 
Nelson and Sons Ltd. , 1971. 
(56) Klein, L. ", An Introduction to Econometrics. , 
Prentice-Hall, Englewood Cliffs, N. J. , 1962. 
(57) Savage, M. , Unpublished work on energy demand 
and energy conservation. , University of Surrey, 1975. 
528 
(58) Wallis, K. , Introductory Econometrics, 
Greys-Mills Publishing Ltd.. 1972. 
(59) The Electricity Council, Domestic Sector 
Analysis 1932/33 - 1980/81. EF144.2. 
529 
